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(57) Abstract 

A novel method of tumor immunotherapy is described comprising the genetic modification of cells resulting in the secre- 
tion of cytokine gene products to stimulate a patient's immune response to tumor antigens. In one embodiment, autologous fibro- 
blasts genetically modified to secrete at least one cytokine gene product are utilized to immunize the patient in a formulation with 
tumor antigens at a site other than an active tumor site. In another embodiment, cells genetically modified to express at least one 
tumor antigen product and to secrete at least one cytokine gene product are utilized in a formulation to immunize the patient at a 
site other than an active tumor site. 
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LvniDhokine Gene Therapy of Cancer 
BACKGROUND 

This application is a continuation-in-part of 
United States Patent Application Serial No» 07/781^356, 
5 filed on October 25, 1991, which is a continuation-in-part 
of United States Patent Application Serial No* 07/720,872, 
filed on June 25, 1991, both of which are incorporated 
herein in their entirety. 

Recent advances in our understanding of the 
10 biology of the immune system have lead to the 
identification of important modulators of immune responses, 
called cytokines (1-3). Immune system modulators produced 
by lymphocytes are termed lymphokines, a subset of the 
cytokines. These agents mediate many of the immune 
15 responses involved in anti-tumor immunity. Several of 
these cytokines have been produced by recombinant DNA 
methodology and evaluated for their anti-tumor effects. 
The administration of lymphokines and related 
immunomodulators has resulted in objective tumor responses 
20 in patients with various types of neoplasms (4-7). 
However, current modes of cytokine administration are 
frequently associated with toxicities that limit the 
therapeutic value of these agents. 

For exan^le, interleukin-2 (IL-2) is an important 
25 lymphokine in the generation of anti-tumor immunity ( 4 ) • 
In response to tumor antigens, a subset of lymphocytes 
termed helper T-cells secrete small quantities of IL-2. 
This IL-2 acts locally at the site of tumor antigen 
stimulation to activate cytotoxic T-cells and natural 
30 killer cells which mediate systemic tumor cell destruction. 
Intravenous, intralymphatic and intralesional 
administration of IL-2 has resulted in clinically 
significant responses in some cancer patients (4-6) • 
However, severe toxicities (hypotension and adema) limit 
35 the dose and efficacy of intravenous and intralymphatic IL- 
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2 administration (5-7). The toxicity of systemicalLy 
administered lymphokines is not surprising as these agents 
mediate local cellular interactions and they are normally 
secreted in only very small quantities. 

5 Additionally, other cytokines, such as 

interleukin-4 (IL-4), alpha interferon Ca-INF) and gamma 
interferon (y-INF) have been used to stimulate immune 
responses to tumor cells. Like IL-2, the current modes of 
administration have adverse side effects. 

10 To circumvent the toxicity of systemic cytokine 

administration, several investigators have examined 
intralesional injection of II.-2. This approach eliminates 
the toxicity associated with systemic IL-2 administration 
(8,9,10). However, multiple intralesional injections are 

15 required to optimize therapeutic efficacy (9,10). Hence, 
these injections are in^ractical for many patients, 
particulaurly when tumor sites are not accessible for 
injection without potential morbidity. 

an alternative approach, involving cytokine gene 
20 transfer into tumor cells, has resulted in significant 
anti-tumor immune responses in several euiimal tumor models 
(11-14). In these studies, the expression of cytokine gene 
products following cytokine gene transfer into tumor cells 
has abrogated the tumorigenicity of the cytokine- secreting 
25 tumor cells when implanted into syngeneic hosts. The 
transfer of genes for IL-2 (11,12) y-INF (13) or 
interleukin-4 (IL-4) (14) significantly reduced or 
eliminated the growth of several different histological 
types of murine tumors. In the studies employing IL-2 gene 
30 transfer, the treated emimals also developed systemic anti- 
tumor immunity and were protected against subsequent tumor 
challenges with the unmodified peurental tumor (11,12). 
Similar inhibition f tumor growth and prot ctive immunity 
was also demonstrated when inmunizations were performed 
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wit:h a mlxt;ure of unmodified paren-tal -tumor cells and 
genetically modified -tumor cells engineered 1:o express the 
IL-2 gene. No toxicity associates with localized 
lymphokine transgene expression was reported in these 
5 animal tumor studies ( 11-14 )• 

While the above gene-transfer procedure has been 
shown to provide anti-tumor immunity, it still retains 
practical difficulties. This approach is limited by the 
inability to transfer functional cytokine genes into many 
10 patients' tumor cells, as most patients' tumors cannot be 
established to grown in vitro and methods for human in vivo 
gene transfer are not available. 

SUMMARY OF THE INVENTION 

The present invention demonstrates a novel, more 
15 practical method of cytokine cancer immunotherapy. In one 
approach, selected cells from a patient, such as 
fibroblasts, obtained, for example, from a routine skin 
biopsy, are genetically modified to express one or more 
cytokines. Alternatively, patient cells which may normally 
20 serve as antigen presenting cells in the immune system such 
as macrophages, monocytes, and lymphocytes may also be 
genetically modified to express one or more cytokines. 
These modified cells are hereafter called cytokine- 
expressing cells, ore CE cells. The CE cells are then 
25 mixed with the patient's tumor antigens, for example in the 
form of irradiated tumor cells, or alternatively in the 
form of purified natural or recombinant tumor antigen, and 
employed in immunizations, for example subcutaneously, to 
induce systemic ant i- tumor immunity. 

30 The cytokines are locally expressed at levels 

sufficient to induce or augment systemic anti-tumor iiranune 
responses via local immunization at sites other than active 
tumor sites. Systemic toxicity related to cytokine 
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administration should not occur because the levels of 
cytokin seer ted by the CE cells should not significantly 
affect systemic cytokine concentrations. 

As the amount of cytokine secreted by the CE 
cells is sufficient to induce anti-tumor immunity but is 
too low to produce substantial systemic toxicity, this 
approach provides the benefit of local cytokine 
administration. In addition,, this novel method obviates 
the need for intralesional injection^, which may produce 
morbidity. Furthermore, the continuous local expression of 
cytokine{s) at the sites of immunization may also augment 
anti— tumor immune responses compared to intermittent 
cytokine injections. This method also provides the 
advantage of local immunization with the CE cells, as 
opposed to cumbersome intravenous infusions • This method 
also eliminates the need for establishing tumor cell lines 
in vitro as well as transfer of genes into these tumor 
cells «r 

This invention also provides an alternative mecuis 
20 of localized expression of cytokines to induce and/or 
increase immune responses to a patient's tumor through 
genetic modification of cellular expression of both 
cytokine { s ) and tumor antigen ( s ) . In this embodiment , 
selected cells from a patient are isolated and transduced 
25 with cytokine gene(s) as well as gene(s) coding for tumor 
antigen (s). The transduced cells are called "carrier 
cells." Carrier cells can include fibroblasts and cells 
which may normally serve as antigen presenting cells in the 
immune system such as macrophages , monocytes/ and 
30 lymphocytes. Transduced carrier cells actively expressing 
both the cytokine(s) and the tumor antigen(s) are selected 
and utilized in local immunizations at a site other than 
active tumor sites to induce anti-tumor immune responses* 
As with the CE cells, these carrier cells should not 
35 produce substantial systemic toxicities, as the lev Is of 
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cytokine (s) secreted by the carrier cells should not 
significantly affect systemic cytokine concentrations. 
This alternate embodiment is advantageous because it 
obviates the need to obtain samples of the tumor, which is 
5 sometimes difficult. However, carrier cells can be 
utilized in local immunizations in conjunction with tumor 
cells, tumor cell homogenates, purified tumor antigens, or 
recombinant tumor antigens to enhance anti-tumor immunity. 

Additionally, this second embodiment retains the 
10 same advantages as the first embodiment in that the level 
of cytokine released by the carrier cells is sufficient to 
induce anti-tumor immunity but is too low to produce 
substantial systemic toxicity. In addition, as with the 
first embodiment, this method obviates the need for 
15 intralesional injections, and allows for continuous 
expression of cytokine (s). This method also eliminates the 
need for establishing continuous cultures in vitro of tumor 
cells as well as transfer of genes into these tiunor cells, 
and provides the advantage of local immunization with the 
20 carrier cells, as opposed to cumbersome lengthy intravenous 
infusions . 

These approaches may also find application in 
inducing or augmenting immune responses to other antigens 
of clinical significance in other areas of medical 
25 practice. 

PRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows schematic diagrams of retroviral 
vectors DC/TKIL2, LXSN-IL2, and LNCX-IL2. 

Figure 2 shows a mean IL-2 concentration of 
30 triplicate supernatant samples measured by ELISA. 
Supernatants were harvested from overnight cultures of 
approximately 1.5 x 10* semi-confluent fibroblasts. 
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Figuxe 3 shows biological activity of the II.-2 
secreted by the transduced fibroblasts was d monstrated by 
measuring mean ^H-TdR incorporation of an IL-2 dependent T- 
cell line incubated with triplicate samples of 
5 supematants. Supernatants were harvested from overnight 
cultures of approximately 1.5 x 10* semi-confluent 
fibroblasts » 

Figure 4 shows comparisons between animals 
injected with 10^ CT26 tumor cells alone (□) ; 10= CT26 tumor 

10 cells and 2 x 10*^ unmodified BAI.B/C fibroblasts (1); 10^ 
CT26 tumor cells and 2 x 10^ IL-2 transduced BI^LB/C 
fibroblasts (•); and 10= CT26 tumor cells and 1 x 10* 
transduced BALB/C fibroblasts (o) . Tumor measurements are 
the mean products of the cross-sectional diameter of the 

15 tumors from four animals in each treatment group. The (*) 
indicates statistically significant difference (P < 0.05) 
in tumor growth curves. 

Figure 5 shows PGR analysis of neomycin phospho- 
transferase DNA sequences. Lane 1 - positive control 
20 pLXSN-RI-IL2 . Lanes 2 through 4 tests genomic DNA; Lanes 
5 and 6 ovary genomic DNA? Lane 7 negative control, no DNA. 
Identical results were obtained with liver, spleen and lung 
genomic DNA (data not shown) . 

Figure 6 shows the effect of IL-2 modified 
25 fibroblasts on tumor esteJilishment and development using 2 
X 10*^ fibroblasts mixed with 5 x 10* CT26 tumor cells 
concentrating on the rate of tumor growth. 



Figure 7 shows the effect of IL-2 modified 
fibroblasts on tumor establishment and development using 2 
30 X 10*^ fibroblasts mixed with 5 x 10* CT26 tumor cells 
concentrating on the time of tumor onset for the individual 
animal in ach treatment group. 
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Figur 8 shows the effect of IL-2 modified 
fibroblasts on ttimor establishment and development using 2 
X 10^ fibroblasts mixed with 1 x 10^ CT26 tximor cells 
concentrating on the rate of tumor growth. 

5 Figure 9 shows the effect of IL-2 modified 

fibroblasts on tumor establishment and development using 2 
x 10* fibroblasts mixed with 1 x 10^ CT26 tumor cells 
concentrating on the time of tumor onset for the Individual 
animal In each treatment group. 

10 Figure 10 shows the effect of IL-2 modified cells 

on tumor establishment and development using 2 x 10^ DCTK- 
IL2 -modified CT26 tumor cells mixed with 1 x 10^ unmodified 
CT26 compared to 2 x 10« DCTK-IL2 -modified fibroblasts mixed 
with 1 X 10^ CT26 concentrating on the rate of tumor growth. 

15 Figure 11 shows the effect of IL-2 modified cells 

on tumor establishment and development using 2 x 10* DCTK- 
IL2-modlfled CT26 tumor cells mixed with 1 x 10^ unmodified 
CT26 compared to 2 x 10^ DCTK-IL2 -modified fibroblasts mixed 
with 1 X 10* CT26 concentrating on the time of tumor onset 

20 for the individual animal In each treatment group. 

Figure 12 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor immunity 
and the rate of tumor growth. Mice were immunized with 2 
X 10« fibroblasts mixed with 2.5 x 10^ irradiated CT26 tumor 
25 cells 7 days prior to challenge with 5 x 10^ fresh tumor 
cells. 

Figure 13 shows the effect of IL-2 modified 
fibroblasts on induction of systemic ant 1— tumor immunity 
and the time of tumor onset for the individual animal in 
30 each treatment group. Mice were immunized with 2 x 10* 
fibroblasts mixed with 2.5 x 10^ irradiated CT26 tumor cells 
7 days prior to challenge with 5 x 10* fr sh tumor cells. 
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Figure 14 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor inmiunity 
and the rate of tumor growth. Mice were immunized with 2 
X 10* fibroblasts mixed with 2.5 x 10=* irradiated CT26 tumor 
5 cells 14 days prior to challenge with 5 x 10^ fresh tumor 
cells • 

Figure 15 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor immunity 
and the time of tumor onset for the individual animal in 
10 each treatment group. Mice were immunized with 2 x 10* 
fibroblasts mixed with 2.5 x 10= irradiated CT26 tumor cells 
14 days prior to challenge with 5 x 10^ fresh tumor cells- 

DBTArLED DESCRXPTION 

A novel method of tumor immunotherapy is 

15 described comprising the genetic modification of cells 
resulting in the secretion of cytokine gene products to 
stimulate a patient's immune response to tumor antigens. 
"Gene" is defined herein to be a nucleotide sequence 
encoding the desired protein. In one embodiment, 

20 autologous fibroblasts genetically modified to secrete at 
least one cytokine gene product are utilized to immunize 
the patient in a formulation with tumor antigens at a site 
other than an active tumor site. In another embodiment, 
cells genetically modified to express at least one tumor 

25 antigen gene product and to secrete at least one cytokine 
gene product are utilized in formulation to immunize the 
patient at a site other than an active tumor site. 
Cytokines are preferably expressed in cells which 
efficiently secrete these proteins into the surrounding 

30 milieu. fibroblasts are an example of such cells. 
Fibroblasts or other cells can be genetically modified to 
express cuxd secrete one or more cytokines , as described 
later in this specification. 
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Tumor antigens can be provided by several 
m thods. Including, but not limited to the following: 1) C£ 
cells can be transduced with gene(s) coding for tiunor 
antigens. These "carrier cells** are then utilized In 
5 patient Immunizations. 2) Cloned gene sequences coding for 
appropriate tumor antigens can be transferred Into cells 
such as fibroblasts or antigen-presenting cells « These 
cells are then mixed with C£ or carrier cells to Immunize 
the patient. 3) Tumor antigens can be cloned In bacteria 

10 or other types of cells by recombinant procudures. These 
antigens are then purified and employed an Immunization 
with CE and/or carrier cells. 4) Tumor antigens can be 
purified from tumor cells and used, along with CE or 
carrier cells, to Immunize the patient. 5) Tumor cells may 

15 be Irradiated or mechanically disrupted and mixed with CE 
and/or carrier cells for patient Immunizations. 

This Invention encompasses the following steps: 
(A) Isolation of appropriate cells for generation of CE 
cells or carrier cells; (B) Isolation of cytokine genes or 

20 Isolation of cytokine genes and tumor antigen genes, as 
well as appropriate marker and/or suicide genes; (C) 
transfer of the genes from (B) to produce the CE cells or 
carrier cells; (D) preparation of Immunological samples of 
the patient "^s tumor antigens or other suitable tumor 

25 antigens for Immunization with CE or carrier cells; (E) 
Inactlvatlon of the malignant potential of tumor cells if 
they are used as a source of tumor antigens for 
immunization; and (F) preparation of samples for 
immunization. Following are several embodiments 

30 contemplated by the inventors. However, it is understood 
that any means known by those in the art to accomplish 
these steps will be usable in this invention. 
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(A) Taolaliion of Cel ls to Generate — CE — and 
Cciririeir Cells 

Cells to be utilized as CE cells and carriei: 
cells con be selected from a variety of locations in the 
5 patient's body. For exan^^le, skin punch biopsies provide 
a readily available source of fibroblasts for use in 
generating CB cells ^ with a minimal amount of intrusion to 
the patient. alternatively, these fibroblasts can be 
obtained from the tumor sample itself. Cells of 

10 hematopoietic origin may be obtained by venipuncture, bone 
marrow aspiration, lymph node biopsies, or from tumor 
samples. Other appropriate cells for the generation of CB 
or carrier cells can be isolated by means known in the art. 
Non-autologous cells similarly selected and processed can 

15 also be used. 

(B) Isolation of Genes 

Numerous cytokine genes have been cloned and are 
available for use in this protocol. The genes for IL-2, 
Y-INF and other cytokines are readily available (1-5, 11- 
20 14) . Cloned genes of the appropriate tumor antigens are 
isolated according to means known in the art. 



Selectable marker genes such as neonycin 
resistance fNeo^) are readily available. Incofporation of 
a selectable marker gene(s) allows for the selection of 
25 cells that have successfully received and express the 
desired genes. Other selectable markers known to those in 
the art of gene transfer may also be utilized to generate 
CE cells or carrier cells expressing the desired 
transgenes. 

30 "Suicide" genes can be incorporated into the CE 

cells or carrier cells to allow for selective inducible 
killing aft r stimulation of the immune response. A gene 
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such as i:he herpes simplex virus thymidine kinase gene (TK) 
can be used to create an inducible destruction of the C£ 
cells or carrier cells. When the CE cells or carrier cells 
are no longer useful, a drug such as acyclovir or 
5 gancyclovir can be administered. Either of these drugs 
will selectively Icill cells expressing TK, thus eliminating 
the implanted transduced cells* Additionally, a suicide 
gene may be a gene coding for a non-secreted cytotoxic 
polypeptide attached to an inducible promoter. When 

10 destruction of the CE or carrier cells is desired, the 
appropriate inducer of the promoter is administered so that 
the suicide gene is induced to produce cytotoxic 
polypeptide which subsequently kills the CE or carrier 
cell. However, destruction of the CE or carrier cells may 

15 not be required. 

Genes coding for tumor antigen(8) of interest can 
be cloned by recombinant methods. The coding sequence of 
an antigen expressed by multiple tumors may be utilized for 
many individual patients. 

20 (C) Transfer of Genes 

Numerous methods are available for transferring 
genes into cultured cells (15). For example, the 
appropriate genes can be inserted into vectors such as 
plasmids or retroviruses and transferred into the cells. 
25 Electroporation, lipofection and a variety of other methods 
are known in the field and can be implemented. 

One method for gene transfer is a method similar 
to that employed in previous human gene transfer studies, 
where tumor infiltrating lymphocytes (TILs) were modified 
30 by retroviral gene transduction and administered to cancer 
patients (16). In this Phase I safety study of retroviral 
mediated gene transfer, TILs were genetically modified to 
express the K omycin resistance (Neo^) gene. Following 
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intravenous infusion, polymerase chain reaction analyses 
consistently found genetically modified cells in the 
circulation for as long as two months after administration. 
No infectious retroviruses were identified in these 
5 patients and no side effects due to gene transfer were 
noted in any patients (16). These retroviral vectors have 
been altered to prevent viral replication by the deletion 
of viral gag, pol and env genes. 

When retroviruses are used for gene transfer, 

10 replication competent retroviruses may theoretically 
develop by recombination between the retroviral vector and 
viral gene sequences in the packaging cell line utilized to 
produce the retroviral vector. We will use packaging cell 
lines in which the production of replication competent 

15 virus by recombination has been reduced or eliminated. 
Hence, all retroviral vector supernatants used to infect 
patient cells will be screened for replication competent 
virus by standard assays such as PGR and reverse 
transcriptase assays (16). Furthermore, exposure to 

20 replication competent virus may not be harmful. In studies 
of subhuman primates injected with a large inoculum of 
replication competent murine retrovirus, the retrovirus was 
cleared by the primate immune system (17). No clinical 
illnesses or sequelae resulting from replication competent 

25 virus have been observed three years after exposure. In 
summary, it is not expected that patients will be exposed 
to replication competent murine retrovirus and it appears 
that such exposure may not be deleterious ( 17 ) . 

(D) P-r«:»p ar- a.tion of Immunologica l Samples of the 

30 Patient -^s Tumor Antigens or Purified 

Recombinant ' Pnni«-»T Antigens 

Tumor cells bearing tumor associated antigens are 
isolated from the patient. These cells can derive either 
from solid tumors or from 1 ukemic tumors. For solid 
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tumors, slngl -c 11 suspensions can be made by mechanical 
separation and washing of biopsy tissue (18). 

Hematopoietic tumors may be isolated from 
peripheral blood or bone marrow by standard methods (19). 

5 A second variant is the use of homogenates of 

tumor cells. Such homogenates would contain tumor antigens 
available for recognition by the patient's immune system 
upon stimulation by this invention. Either unf ractionated 
cell homogenates, made, for example, by mechanical 
10 disruption or by freezing and thawing the cells, or 
fractions of homogenates preferably with concentrated 
levels of tumor antigens, can be used. 

Likewise, purified tumor antigens, obtained for 
example by immunopreclpltatlon or recombinant DNA methods, 
15 could be used. Purified antigens would then be utilized 
for immunizations together with the CE cells and/or carrier 
cells described above to Induce or enhance the patient's 
immune response to these antigens. 

In the embodiments employing carrier cells, tumor 
20 antigens are available through their expression by the 
carrier cells. These carrier cells can be Injected alone 
or in conjunction with other tumor antigen preparations or 
CE cells. Likewise, when CE cells are used, purified 
recombinant tumor antigen, produced by methods known in the 
25 art, can be used. 

If autologous tumor cells are not readily 
available, heterologous tumor cells, their homogenates, 
their purified antigens, or carrier cells expressing such 
antigens could be used. 
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(E) Inactivatlon of Tumor Cells 

When viable tuinoz- cells are utilized in 
innnunizations as a source of tiimor antigens, the tumor 
cells can be inactivated so that they do not grow in the 
5 patient. Inactivation can be accomplished by several 
methods, the cells can be irradiated prior to immunization 
( 18 ) . This irradiation will be at a level which will 
prevent their replication. Such viable calls can then 
present their tumor antigens to the patient's immune 
10 system, but cannot multiply to create new tumors* 

Alternatively, tumor cells that can be cultured 
may be transduced with a suicide gene. As described above, 
a gene such as the herpes simplex thymidine kinase (TK) 
gene CeUi be transferred into tumor cells to induce their 

15 destruction by administration of acyclovir or gancyclovir. 
After immunization, the TK expressing tumor cells can 
present their tumor antigens, and are capable of 
proliferation. After a period of time during which the 
patients 's immune response is stimulated, the cells can be 

20 selectively killed. This approach might allow longer 
viability of the tumor cells utilized for immunizations, 
which may be advantageous in the induction or augmentation 
of anti- tumor immunity.. 

(F) Preparation of Samples for Immunization 

25 CE cells and/or carrier cells and tumor cells, 

and/or homogenates of tumor cells and/or purified tumor 
antigen(s) , are combined for patient immunization. 
Approximately 10^ tumor cells will be required. If 
homogenates of tumor cells or purified or non-purified 

30 fractions of tumor antigens are used, the tumor dose can be 
adjusted based on the normal number of tumor antigens 
usually pres nt on 10' intact tumor cells. The tumor 
preparation should be mixed with numbers of CE or carrier 
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cells sufficient to secrete cytokin levels that induce 
anti-tumor immunity (11-12) without producing substantial 
systemic toxicity which would interfere with therapy. 

The cytokines should be produced by the CE cells 
5 or the carrier cells at levels sufficient to induce or 
augment immune response but low enough to avoid substantial 
systemic toxicity. This prevents side effects created by 
previous methods'^ administration of greater than 
physiological levels of the cytokines. 

10 These mixtures, as well as carrier cells that are 

utilized alone, will be formulated for injection in any 
manner known in the art acceptable for immunization. 
Because it is important that at least the CE cells and 
carrier cells remain viable, the formulations must be 

15 compatible with cell survival. Formulations can be 
injected subcutaneous ly, intramuscularly, or in any manner 
acceptable for immunization. 

Contaminants in the preparation which may focus 
the immune response on undesired antigens should be removed 
20 prior to the immunizations. 

The following examples are provided for 
illustration of several embodiments of the invention and 
should not be interpreted as limiting the scope of the 
invention. 
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EXAMPLE I 

T yJMUNIZATION VTLTR FIBROBIASTS EXPRESSING IL-2 
MIXED WITH IRRADIATED T UMOR CELLS 

1) Isolation of Autolog ous Fibroblasts 
5 for Use in Generatiiia IL-2 Secrretina CE Cells 

Skin punch biopsies will be obtained from each 
patient under sterile conditions. The biopsy tissue will 
be minced and placed in RPMI 1640 media containing 10% 
fetal calf serum (or similar media) to establish growth of 
10 the skin fibroblasts in culture. The cultured fibroblasts 
will be utilized to generate IL-2 secreting CB cells by 
retroviral mediated IL-2 gene transfer. 

2V Retroviral Vector Pr eparation and 
Generation of IL-2 Secret ing CE Cells 

15 The cultured skin fibroblasts will then be 

infected with a retroviiral vector containing the IL-2 and 
Neonycin resistance (Neo^) genes. An N2 vector containing 
the Neo"^ gene will be used, and has been previously utilized 
by a number of investigators for in vitro and in vivo work, 

20 including investigations with human subjects (16). The IL- 
2 vector will be generated from an N2-derived vector, 
LLRNL, developed and described by Friedmann axid his 
colleagues (20). It will be made by replacement of the 
lucif erase gene of LLRNL with a full-length cDNA encoding 

25 human IL-2. Retroviral vector free of contaminating 
replication-competent virus is produced by transf ection of 
vector plasmid constinictions into the helper-free packaging 
cell line PA317. Before infection of patients' cells, the 
vector will have been shown to be free of helper virus. In 

30 the event that helper virus is detected, the vector will be 
produced in the GB + envAM12 packaging cell line in which 
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the viral gag and pol genes ar separated from th env, 
further reducing th lik lihood of helper virus production «^ 

3) Transduction Protocol 

The cultured primary fibroblasts will be 
5 incubated with supernatant from the packaging cell line ae 
described (20). Supernatant from these cells will be 
tested for adventitious agents and replication competent 
virus as described (16) and outlined in Table !• The 
fibroblasts are washed and then grown in culture media 

10 containing G418, (a neomycin analogue) to select for 
transduced cells expressing the Neo^ gene* The 6418- 
resistant cells will be tested for expression of the IL-2 
gene by measuring the concentration of IL-2 in the culture 
supernatant by an enzyme linked immunosorbent assay (ELISA) 

15 (12), G418-resilient cells expressing IL-2 will be stored 
at -70 ®C until required for subsequent use in 
immunizations . 

Table 1 

Adventitious Agents and Safety Testing 
1- Sterility 

2 . Mycoplasma 

3. General Safety 

4. Viral Testing 
LCM Virus 
Thymic agent 
S+/L- eco 
S+/L-xeno 
S+/L- ampho 
3T3 amplification 
MRC-5/Vero 
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4^ Preparation of Irradiat ^^f^ Tumoir Cells 

Tumors obtained form clinically indicated 
surgical resections or from superficial lymph node or slcin 
metastases will be minced into 2-3 mm pieces and treated 
5 with collagenase and DNAse to facilitate separation of the 
tumor into a single cell suspension. The collected cells 
will be centrifuged and washed in RPMI 1640 media and then 
cryopreserved in a solution containing 10% dimethyl 
sulphoxide and 50% fetal calf serum in RPMI 1640 media. 

10 The cells will be stored in liquid nitrogen until the time 
of administration. Prior to their use in subcutaneous 
immunizations, the cells will be thawed, washed in media 
free of immunogenic contaminants, and irradiated with 4,000 
rads per minute for a total of 20,000 rads in a cesium 

15 irradiator. 

S) Patient Selection 

Patients will have a histologically confirmed 
diagnosis of cancer. Patients with tumors that must be 
resected for therapeutic purposes or with tumors readily 
20 accessible for biopsy are most appropriate for this 
embodiment of the invention. 

6) Pretreatment Evaluation 
The following pretreatment evaluations will be 

performed t 

25 1) History and physical examination including 

a description and quantification of disease activity. 
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2) Performance Status AsBessment 

0 Normal, no symptomB 

1 « Restricted, but ambulatory 

2 Up greater than 50% of waking 
5 hours, capable of self -care 

3 «= Greater than 50% of waking hours 

confined to bed or chair, limited 
self-care 

4 Bedridden 

10 3) Pretreatment Laboratory: 

CBC with differential, platelet count, PT, PTT, 
glucose, BUN, creatinine, electrolytes, SCOT, SGPT, LDH, 
alkaline phosphatase, bilirubin, uric acid, calcium, total 
protein albumin. 

4) Other Analyses: 
Urinalysis 

CHso, C3 and seriim complement levels 
Immunophenotyping of peripheral blood B cell and 
T cell subsets 

Assays for detectable replication-coB^etent 
virus in peripheral blood cells 

PGR assays of peripheral blood leukocytes 
for Neo^, IL-2 and viral env 

5) Other Pretreatment Evaluation: 
Chest X-ray and other diagnostic studies 

including computerized tomography (CT), magnetic resonance 
imaging (MRI) or radionuclide scans may be performed to 
document and quantify the extent of disease activity. 

Follow-up evaluations of these assessments at 
30 regular intervals during the course of therapy 
(approximately every 1 to 3 months) will be useful in 
determining response to therapy and potential toxicity. 



15 



20 



25 
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permitting adjustments in the number of immunizations 
administered • 

7) Restrictions on Concur rent Therapy 

For optimal effects of this treatment r patients 
5 should receive no concurrent therapy which is known to 
suppress the immune system • 

8^ Final Formulation 



Each patient will receive subcutaneous 
immunizations with a mixture if irradiated tumor cells and 

10 autologous fibroblast CE cells genetically modified to 
secrete IL-2, Approximately 10^ tumor cells will be mixed 
with 10^ fibroblasts known to secrete at least 20 units/ml 
of II.-2 in tissue culture when semi -confluent (12)» The 
irradiated tumor cells and genetically modified fibroblasts 

15 will be placed in a final volume of 0.2 ml normal saline 
for immunization. 

9^ Dose Adjustments 

At least two subcutaneous immunizations will be 
administered, two weeks apart, with irradiated tumor cells 
20 and autologous fibroblasts genetically modified to secrete 
IL-2. If no toxicity is observed, subsequent booster 
immunizations may be administered periodically (at least 
one week apart) to optimize the anti-tumor immune response. 

JV Treatment of Potential Toxicity 



25 Toxic side effects cure not expected to result 

from these immunizations. However, potential side effects 
of these immunizations are treatable in the following 
manner; 
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If massive tumor cell lysis results, any 
resulting uric acid nephropathy, adult respiratory distress 
syndrome, disseminated intravascular coagulation or 
hyperkalemia will be treated using standard methods. 

5 Local toxicity at the sites of immunization will 

be treated with either topical steroids and/or surgical 
excision of the injection site as deemed appropriate. 

Hypersensitivity reactions such as chills, fever 
and /or rash will be treated symptomatically with 

10 antipyretics and antihistamines* Patients should not be 
treated prophylactically . Should arthralgias, 

lymphadenopathy or renal dysfunction occur, treatment with 
corticosteroids and/or antihistamines will be instituted* 
Anaphylaxis will be treated by standard means such as 

15 administration of epinephrine, fluids, and steroids* 

EXAMPLE II 

A. Retroviral IL-2 Gene Transfer and Expression in 

Fibroblasts 

Retroviral vectors were employed to transfer and 
20 express IL-2 and neomycin phosphotransferase genes in 
murine and primary human fibroblasts. The retroviral 
vector DC/TKIL2 produced by Gilboa and co-workers 
(Gansbacher, et al., J. Exp* Med* 172:1217-1223, 1990, 
which is incorporated herein by reference) was utilized to 
25 transduce murine fibroblasts for application in an animal 
tumor model (see Section B below). Human fibroblasts were 
transduced with the retroviral vector LXSW-RI-IL2. 
Schematic diagrams of the structure of these retroviral 
vectors are provided in Figure 1. A more complete 
30 description of the LXSN-RI-IL2 vector, including its 
nucleotide sequence, is provided in Example III and in 
Tables 2, 3 and 4* 
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Following infection with the described vectors 
and selection for 2-3 we ks in growth media containing the 
neomycin analogue G418, Balb/c and human embryonic 
fibroblast culture supernatants were harvested and tested 
5 for IL-2 by an enzyme-linked immunosorbent assay (ELISA) . 
Figure 2 depicts the levels of IL-2 secreted by the 
transduced fibroblasts. 

These results can be confirmed using negative 
control fibroblasts infected with an N2 -derived retroviral 
10 vector expressing an irrelevant gene such as luciferase or 
i3-galactosidase and studies with adult human fibroblasts. 

Biological activity of the II*-2 expressed by the 
transduced human fibroblasts was confirmed by a cell 
proliferation bioassay employing an IL-2 dependent T cell 
15 line- In this assay ^ supernatant from the transduced 
fibroblasts and control unmodified fibroblasts were 
incubated with the JL-2 dependent T cell line CTLL-2. 
Incoz^poration of ^H-thymidine was measured as an indicator 
of cell proliferation and II.-2 activity (Figure 3). 

20 B. Efficacy of Transduced Fibroblasts i n an Animal 

Tumor Model 

The efficacy of fibroblasts genetically modified 
to secrete IL— 2 was tested in an animal model, of colorectal 
carcinoma. In these studies, the Balb/c CT26 tumor cell 

25 line was injected subcutaneously with Balb/c fibroblasts 
transduced to express IL-2. Control groups included 
animals injected with 1) a mixture of CT26 tumor cells and 
unmodified fibroblasts; 2) CT26 tumor cells without 
fibroblasts and 3) transduced fibroblasts alone. No tumors 

30 were detected in 3/8 animals treated with transduced 
fibroblasts and CT26 cells. In contrast, all untreated 
control animals (8/8) injected with CT26 tumor cells 
developed palpable tumors. No tumors were detected in the 
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animals inoculat d with transduced fibroblasts without CT26 
tumor cells. The xnean CT26 ^uinox' si-ze xn B&IId/c iiii.c6 
injected with the IL-2 secreting fibroblasts was 
considerably smaller compared to the control groups (Figure 
5 4 ) • A multivariate non-parametric statistical procedure 
(Koziol, et al.. Biometries 37:383-390, 1981 and Koziol, et 
al.. Computer Prog, Biomed. 19:69-74, 1984, which is 
incorporated herein by reference) was utilized to evaluate 
differences in tumor growth among the treatment groups. 

10 The tumor growth curves for the four treatment groups 
presented in Figure 4 were significantly different 
(p«0.048). Subsequent comparisons between treatment groups 
revealed a significant difference (p < 0.05) in tumor 
growth between animals injected with CT26 tumor cells alone 

15 and animals treated with 2 x 10^ transduced fibroblasts and 
CT26 tumor cells (Figure 4). 

A. Project Overview 

Iiymphokine gene therapy of cancer will be 
20 evaluated in cancer patients who have failed conventional 
therapy. An N2 -derived vector containing the neomycin 
phosphotransferase gene will be used. This vector has been 
employed by a number of investigators for jjk vitro and in 
vivo studies including recently approved investigations 
25 with human subjects (Rosenberg et al,, N. Eng. J. Med., 
323:570-578, 1990). The lyii«)hokine vectors used in this 
investigation will be generated from the N2 -derived vector, 
LXSN, developed and described by Miller et al., Mol. Cell 
Biol. 6:2895, 1986 and Miller et al., BioTechniques 7:980, 
30 1989, which are incorporated herein by reference. The 
vector LXSN-RI-IL2 contains human IL-2 cDNA under the 
control of the retroviral 5' LTR promoter and the neonycin 
phosphotransferase gene under the control of the SV40 
promoter ( see Figure 1 ) . The normal human IL-2 leader 
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sequence has b ea replaced with a chimeric sequence 
containing rat insulin and human rii-2 leader sequences (see 
Tables 2, 3 and 4). This chimeric leader sequence enhances 
IL-2 gene expression. 

5 To construct the LXSN-RI-IL2 vector, the 

bacterial plasmid pBCl2/CMV/IL2 (Cullen,. B.R., DNA 7:645- 
650, 1988, which is incorporated herein by reference) 
containing the full-length IL-2 cDNA and chimeric leader 
sequence was digested with Hindlll and the ends were 

10 blunted using Klenow polymerase. 3X-2 cDNA was 

subsequently released from the plasmid by digestion with 
BaTTiT TT. The IL-2 fragment was purified by electrophoresis 
in a 1% agarose gel and the appropriate band was extracted 
utilizing a glass powder method. Briefly, the gel slice 

15 was dissolved in 4M Nal at 55**. After cooling to room 
temperature, 4 pi of oxidized silica solution (BIO-101, La 
Jolla, CA) was added to adsorb the DNA. The silica was 
ythen washed with a cold solution of 50% ethanol containing 
0.1 M NaCl in TE buffer. The DNA was eluted from the 

20 silica by heating at 55 in distilled H^O. The purified IL- 
2 cDNA was then directionally ligated into the Hpal-BamHI 
cloning sites of the pLXSN vector. A more complete 
description of the pLXSN-RI-IL2 vector and its partial 
nucleotide sequence are provided in Tables 2, 3, 4, 5 and 

25 6. 
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T^le 2 



— P?K5 

1-589 
659-1458 

1469-2151 

1469 1718 
1647-1718 
1719-2151 

2158- 2159 

2159- 2503 
2S21-2522 
2557-3351 
3370-3371 

3411-4004 

4073- 4074 

4074- 6365 



Descriptioo of (he LXSN-RI-IU 
from position I to 6365 



Description 

Mdoney murine sarcoma vims 5* LTR 

The sequence of the extended packaging 
signal 

IL-2 cDNA with chimeric leader sequence 

ILr2 chimeric leader sequence 

coding region of the signal peptide 

Mature IL>-2 coding sequence 

Mo mu sarcoma vims end/SV 40 start 

SinUan virus 40 early promoter 

Simian virus DNA end/Tn5 DNA stait 

Neomycin phosphotransfense 

TnS DNA end/MoIoney murine leukemia 
virus start 

Moloney murine leukemia virus 3' LTH 

Moloney murine leukemia DNA end/pBR322 
DNA Stan 

Plasmid backbone 
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Table 3 

Enzyme [# Cuts] Position(s) 



Aatl [ 2] 1961^ 2481 

Aat2 [ 2] Bll, 6295 

Accl [ 1] 4252 

Acc2 r 19] 392, 394, 445, 969, 971, 1193, 

2751, 3052, 3084, 3807, 3809, 4081, 4083, 
4186, 4527, 5108, 5438, 5931, 6263 

Acyl C 5] 808, 2685, 3860, 5910, 6292 

Afll [ 13] 260, 273, 328, 626, 756, 1277, 

3201, 3676, 3689, 3744, 4041, 5511, 5733 

Afl2 [ 4] 34, 1064, 1955, 3446 

Afl3 [ 2] 1592, 4480 

Ahal r 20] 161, 237, 473, 474, 602, 644, 

789, 2689, 2849, 3578, 3653, 3888, 3889, 
4017, 4059, 4126, 4161, 4860, 5556, 5907 

Aha2 t 5] 808, 2685, 3860, 5910, 6292 

Aha3 [ 3] 5239, 5258, 5950 

Alul [ 33] 29, 33, 119, 190, 411, 654, 

734, 742, 1470, 1486, 1751, 1935, 2003, 2446, 
2500, 2791, 3249, 3441, 3445, 3532, 3607, 
3826, 4069, 4122, 4141, 4422, 4648, 4738, 
4784, 5041, 5562, 5662, 5725 

Alwl [ 20] 1110, 1414, 1665, 2018, 2147, 2160, 

2529, 2553, 2864, 2929, 3110, 4027, 5041, 
5127, 5129, 5225, 5226, 5689, 6006, 6010 

AlwNl [ 4] 231, 3572, 3647, 4896 

Aocl [ 2] 847, 1076 

Aoc2 [ 19] 323, , 413, 426, 597, 1583, 1721, 

2631, 2724, 2798, 2988, 3050, 3739, 3828, 

3841, 4012, 4300, 4798, 5959, 6044 

Aosl [ 2] 2787, 5595 

ApaLl [ 4] 1717, 4296, 4794, 6040 
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[ 

1275, 
2196 , 
4629, 


22 1 
1295 
2251 
4642 


315 
, 1325 

, ^ ^ w O 


u ^ o , 

, 1526 


R01 
, 1536 

7 '\ 1 


fl 1 A 
, 1558 


XZ ^ / , 

, 1630 
A Rn fi 


x^oz , 

/ 

9 


Agul 


[ 


6] 


241, 


472, 


1998, 


3821, 


3854, 


3887 


Asel 


[ 


2] 


1801, 


5545 










Asp700 


[ 


1] 


5972 












A8p718 


[ 


2] 


476, 


3891 










AspAl 


[ 


1] 


1145 












Asul 


626, 

3676, 
5733 


Z» J 

756, 
3689^ 


1 

826, 

r 3744. 


zuu , 
839, 

') R A 1 

r 4041, 


OA ^ 

1043, 

r 5415, 


260, 273, 
1254, 1277, 
r 3616, 3661 
, 5494, 5511, 


o o o 

r 
r 


AV3.1 


r 

L 


" J 


OA 1 
Z4X , 


'k S f 


X77 o , 


3821, 


3854, 


O O Q "7 


Ava2 


3201, 


13 1 
3676, 


^ D U , 

r 3689, 


r 3744, 


•3^0 , 
r 4041, 


626, 
, 5511, 


756, 
, 5733 


1 *5 *T "T 


Ava3 


r 

L 


2 1 


2232, 


2304 










Avr2 


[ 


2] 


1962, 


2482 










Ball 


[ 


3] 


658, 


1169, 


2767 








BamHl 


[ 


1] 


2152 












Banl 


[ 

3859, 


9] 

3891, 


318, 
5321 


476, 


1200, 


2684, 


2719, 


3734, 


Ban2 


[ 

3841, 


8] 

4012 


413, 


426, 


597, 


1583, 


3050, 


3828, 


Bbel 


r 

L 


21 


2688, 


3863 










Bbvl 


[ 

2800, 

>l O T O 

5600, 


22] 
2816, 
4390, 
5802 


969, 
2909, 
4809, 


997, 
3321, 
4899, 


1738, 
4060, 
4902, 


2493, 
4131, 
5108, 


2632 , 
4228, 
5411, 


2758, 


Bell 


t 


1] 


2526 












Bgll 


[ 


2] 


2435, 


5493 










Bspl286I 


[ 

2631, 
3841, 


19] 
2724, 
4012, 


323, 
2798, 
4300, 


413, 
2988, 
4798, 


426, 
3050, 
5959, 


597, 
3739, 
6044 


1583, 
3828, 


1721, 
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BspHl 
BspMl 
BssH2 
Bsi:E2 
Bs-tNl 

BstUl 

BB-tXl 
BstYl 

Bsu36X 

Ccrl 

Cfol 



Cfrl 

CfrlOI 
CfrlSI 



1275, 
2196, 
4629, 

[ 

2751, 
4186, 



[ 

5132, 
[ 



C 

2679, 
3314, 
4357, 
5503, 

[ 

3156, 
[ 
[ 

626, 
1532, 
3676, 
5733,^ 



3] 
4] 
4] 
1] 



5200, 6208, 6313 

1501, 2500, 2572, 

392, 443, 3082, 
1145 



2953 
3807 



r 22] 315, 623, 801, 814, 1227, 1252 

1295, 1325, 1526, 1536, 1558, 1630, 

2251, 2268, 3072, 3731, 4038, 4508, 
4642 

19] 392, 394, 445, 969, 971, 1193 

3052, 3084, 3807, 3809, 4081, 4083, 

4527, 5108, 5438, 5931, 6263 

1] 2060 

11] 2010, 2152, 2521, 2856, 3102, 5121 
5218, 5230, 5998, 6015 



2] 
1] 



847, 
1998 



1076 



31] 394, 396, 
2687, 2751, 2788, 
3809, 3811, 3862, 
4390, 4660, 4727, 
5596, 5933, 6265 

9] 656, 790, 
3183, 5761 



445, 447, 714, 971 
3054, 3084, 3086, 
4083, 4186, 4216, 
4827, 5001, 5110, 



1167, 1188, 2591, 2765, 



3] 



3004, 3185, 5453 



29] 169, 200, 245, 260, 273, 328, 

756, 826, 839, 1043, 1254, 1277, 

1649, 3201, 3541, 3586, 3616, 3661, 

3689, 3744, 4041, 5415, 5494, 5511, 
6349 



Cvnl t 2 J 847, 1076 

Ddel [ 23] 75, 165, 191, 282, 553, 847 

1076, 1348, 1692, 2442, 3348, 3487, 3582, 

3657, 3698, 3879, 3967, 4290, 4755, 5164, 

5330, 5870, 6296 

Dpnl [ 30] 95, 1104, 1236, 1421, 1659, 2012, 

2154, 2523, 2528, 2547, 2858, 2936, 3017, 

3026, 3104, 3507, 4021, 5048, 5123, 5134, 

5142, 5220, 5232, 5337, 5678, 5696, 5742, 

6000, 6017, 6053 
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Dral 


[ 


3] 


5239, 


5258, 


5950 






Dra2 


[ 


4] 


328, 


1277, 


3744, 


6349 






I* 

3156, 


3183 


656 , 
, 5761 


790, 


1167, 


1188, 


2591, 


Eagl 


[ 


2] 


790, 


2591 








Eco47I 


I 

3201, 


13] 
3676. 


260, 
r 3689, 


273, 
r 3744, 


328, 
4041, 


626, 
5511, 


756, 
5733 


EC052I 


[ 


2] 


790 , 


2591 








EcoSlI 


[ 


2] 


847 , 


1076 








EcoNl 


[ 


2] 


850, 


1450 








ECOO109I [ 


4] 


328, 


1277, 


3744, 


6349 




EcoRl 


[ 


1] 


1460 










EcoRl* 


[ 

2064, 
5801 


14] 
2121, 


938, 
2236, 


1037, 
2308, 


1460, 
2400, 


1798, 
5240, 


1805, 
5546, 


EcoR2 


[ 

1273, 
2194, 
4627, 


22] 
1293 , 
2249, 
4640 


313, 
1323, 
2266, 


621, 
1524, 
3070, 


799, 
1534, 
3729, 


812, 
1556, 
4036, 


1225, 
1628, 
4506, 


EcoRS 


[ 


4] 


137, 


213, 


3554, 


3629 




ECOT22I 


[ 


2] 


2232, 


2304 








Fdi2 


[ 


2] 


2787, 


5595 









Fnu4El 



FnuD2 

Fokl 

Fspl 
Hae2 



[ 

2430, 
2789, 
3296, 
4404, 
5097, 

[ 

2751, 
4186, 

[ 

3009, 
[ 
[ 



41] 793, 967, 983, 986, 1191, 1752, 

2507, 2594, 2646, 2657, 2747, 2752, 

2830, 2917, 2920, 2923, 3159, 3255, 

3310, 4074, 4120, 4217, 4270, 4386, 

4407, 4525, 4680, 4823, 4888, 4891, 

5425, 5614, 5764, 5791, 5886, 6115 

19] 392, 394, 445, 969, 971, 1193, 

3052, 3084, 3807, 3809, 4081, 4083, 

4527, 5108, 5438, 5931, 6263 

13] 498, 1198, 1358, 1679, 2333, 2552, 

3034, 3912, 4168, 5339, 5520, 5807 

2] 2787, 5595 

4] 2688, 3863, 4358, 4728 
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Ha 3 t 35] 171, 202, 247, 658, 792, 828, 

840, 1045, 1169, 1190, 1255, 1534, 1650, 
1866, 1961, 2423, 2429, 2438, 2481, 2593, 
2767, 3158, 3185, 3543, 3588, 3618, 3663, 
4495, 4506, 4524, 4958, 5416, 5496, 5763, 
6350 

Hap2 [ 30] 161, 237, 473, 601, 643, 789, 

2590, 2667, 2689, 2717, 2848, 2938, 3005, 
3186, 3578, 3653, 3888, 4016, 4058, 4126, 
4160, 4687, 4834, 4860, 5050, 5454, 5488, 
5555, 5665, 5907 

Hgal [ 8] 455, 707, 960, 1580, 4175, 4591, 

5169, 5899 

HgiAl [ 9] 413, 1721, 2798, 2988, 3828, 4300, 

4798, 5959, 6044 

Hhal E 31] 394, 396, 445, 447, 714, 971, 

2679, 2687, 2751, 2788, 3054, 3084, 3086, 

3314, 3809, 3811, 3862, 4083, 4186, 4216, 

4357, 4390, 4660, 4727, 4827, 5001, 5110, 

5503, 5596, 5933, 6265 

HinPl [ 31] 392, 394, 443, 445, 712, 969, 

2677, 2685, 2749, 2786, 3052, 3082, 3084, 

3312, 3807, 3809, 3860, 4081, 4184, 4214, 

4355, 4388, 4658, 4725, 4825, 4999, 5108, 

5501, 5594, 5931, 6263 

Hinc2 [ 1] 5914 

Hind2 [ 1] 5914 

Hind3 [ 1] 2498 

Hinfl [ 14] 298, 517, 857, 868, 1553, 1814, 

3170, 3304, 3356, 3881, 4380, 4455, 4851, 
5368 

Hpa2 [ 30] 161, 237, 473, 601, 643, 789, 

2590, 2667, 2689, 2717, 2848, 2938, 3005, 

3186, 3578, 3653, 3888, 4016, 4058, 4126, 

4160, 4687, 4834, 4860, 5050, 5454, 5488, 

5555, 5665, 5907 

Hphl [ 11] 1214, 1240, 1817, 2863, 4102, 4111, 

5216, 5443, 5859, 6065, 6100 

Kpnl [ 2] 480, 3895 

Mael [ 15] 30, 293, 689, 727, 739, 1452, 

1606, 1893, 1963, 2483, 3442, 3709, 4975, 

5228, 5563 
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Mae2 


[ 


11] 


808, 


1139, 


1180, 


1987, 


2801, 


2988, 




4233, 


5183, 


5599, 


5972, 


6292 








Mae3 


[ 


20] 


38, 


1052, 


1080, 


1145, 


1289, 


1478, 




1706, 


2805, 


3111, 


3450, 


4134, 


4229, 


4836, 






4899, 


5015, 


5298, 


5629, 


5687, 


5840, 


6028 




Mbol 


[ 


30] 


93, 


1102, 


1234, 


1419, 


1657, 


2010, 




2152, 


2521, 


2526, 


2545, 


2856, 


2934, 


3015, 






3024, 


3102, 


3505, 


4019, 


5046, 


5121, 


5132, 






5140, 


5218, 


5230, 


5335, 


5676, 


5694, 


5740, 






5998, 


6015, 


6051 












Mbo2 


t 


17] 


444, 


1145, 


1356, 


1575, 


1617, 


1908, 




1911, 


3046, 


3256, 


3336, 


4351, 


5142, 


5213, 






5968, 


6046, 


6155, 


6351 










Mnll 


[ 


54] 


291, 


444, 


508, 


534, 


560, 


639, 




841, 


939, 


1227, 


1330, 


1363, 


1369, 


1372, 






1378, 


1408, 


1411, 


1426, 


1433, 


1449, 


1559, 






1620, 


1909, 


1921, 


2412, 


2418, 


2443, 


2449, 






2455, 


2458, 


2470, 


2508, 


2535, 


2599, 


2735, 






3092, 


3286, 


3707, 


3859, 


3878, 


3923, 


3948, 






3974, 


4054, 


4087, 


4117, 


4379, 


4587, 


4662, 






4911, 


5311, 


5392, 


5540, 


5746, 


6339 







Msel [ 22] 35, 1065, 1177, 1207, 1231, 1801, 

1843, 1956, 1971, 2124, 2139, 3447, 4261, 

5186, 5238, 5243, 5257, 5310, 5545, 5584, 

5949, 6321 

Mspl [ 30] 161, 237, 473, 601, 643, 789, 

2590, 2667, 2689, 2717, 2848, 2938, 3005, 

3186, 3578, 3653, 3888, 4016, 4058, 4126, 

4160, 4687, 4834, 4860, 5050, 5454, 5488, 

5555, 5665, 5907 

Mstl t 2] 2787, 5595 

Mst2 [ 2] 847, 1076 

Mval [ 22] 315, 623, 801, 814, 1227, 1252, 

1275, 1295, 1325, 1526, 1536, 1558, 1630, - 

2196, 2251, 2268, 3072, 3731, 4038, 4508, 

4629, 4642 



Nael [ 1] 3187 

Narl [ 2] 2685, 3860 

Neil [ 20] 161, 237, 473, 474, 602, 644, 

789, 2689, 2849, 3578, 3653, 3888, 3889, 

4017, 4059, 4126, 4161, 4860, 5556, 5907 

Ncol [ 2] 2389, 3117 
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Ndel [ 1] 4303 

Nde2 [ 30] 93, 1102, 1234, 1419,. 1657, 2010 

2152, 2521, 2526, 2545, 2856, 2934, 3015, 

3024, 3102, 3505, 4019, 5046, 5121, 5132, 

5140, 5218, 5230, 5335, 5676, 5694, 5740, 

5998, 6015, 6051 

Nhel [ 3] 29, 1605, 3441 

Nla3 r 26] 61, 1263, 1596, 1649, 1835, 1856 

2030, 2230, 2302, 2393, 2559, 2904, 3090, 

3121^ 3147, 3473, 4119, 4224, 4484, 5204, 

5695, 5705, 5783, 5819, 6212, 6317 

Nla4 [ 28J 153, 246, 262, 320, 478, 627 

758, 827, 959, 1202, 1279, 2154, 2200, 

2272, 2686, 2721, 3678, 3736, 3861, 3893, 

4042' 4512, 4551, 5323, 5417, 5458, 5669, 
6259 

Nsil C 21 2232, 2304 

N8p(7524)l[ 81 1596, 1835, 1856, 2230, 2302, 3090 

4119, 4484 

Nsp(7524)2[ 19] 323, 41S, 426, 597, 1583, 1721 

2631, 2724, 2798, 2988, 3050, 3739, 3828, 

3841, 4012, 4300, 4798, 5959, 6044 

NspB2 r 12] 119, 190, 1751, 2158, 2791, 3532 

3607, 3989, 4192, 4822, 5067, 6008 

NspHl [ 8] 1596, 1835, 1856, 2230, 2302, 3090 

4119, 4484 

PaeR7Z [ 1] 1998 

Pall r 351 171, 202, 247, 658, 792, 828 

840, 1045, 1169, 1190, 1255, 1534, 1650, 

1866, 1961, 2423, 2429, 2438, 2481, 2593, 

2767, 3158, 3185, 3543, 3588, 3618, 3663, 

4495, 4506, 4524, 4958, 5416, 5496, 5763, 
6350 

Plel [ 71 865, 1547, 3350, 3889, 4374, 4859 
5362 

PpuMl [ 3] 328, 1277, 3744 

Pssl t 4] 331, 1280, 3747, 6352 

Pstl [ 6] 987, 1163, 1888, 2511, 2738, 5618 

Pvul [ 1] 5743 
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2991, 
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1597 , 
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Sacl 
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413, 
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Saul 


[ 


2] 


847, 
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Sau3Al 


[ 

2152, 
3024, 
5140, 
5998, 


30] 
2521, 
3102, 
5218, 
6015, 


93, 

2526, 

3505, 

5230, 

6051 


1102, 
2545, 
4019, 
5335, 


1234, 
2856, 
5046, 
5676, 


1419, 
2934, 
5121, 
5694, 


1657, 
3015, 
5132, 
5740, 


2010, 



Sau96l 



Seal 
ScrPl 



Sdul 



Seel 



SfaNl 

Sfil 
Smal 
Spel 
Sphl 



[ 29] 169, 200, 245, 260, 273, 

626, 756, 826, 839, 1043, 1254, 1277, 

1532, 1649, 3201, 3541, 3586, 3616, 3661, 

3676, 3689, 3744, 4041, 5415, 5494, 5511, 

5733, 6349 



328, 



[ 
[ 

623, 

1295, 

2251, 

3731, 

4161, 



1] 

42] 
644, 
1325, 
2268, 
3888, 
4508, 



5853 

161, 
789, 
1526, 
2689, 
3889, 
4629, 



237, 315, 473, 474, 602, 

801, 814, 1227, 1252, 1275, 
1536, 1558, 1630, 2196, 
2849, 3072, 3578, 3653, 
4017, 4038, 4059, 4126, 
4642, 4860, 5556, 5907 



[ 19] 323, 413, 426, 597, 1583, 1721, 
2631, 2724, 2798, 2988, 3050, 3739, 3828, 
3841, 4012, 4300, 4798, 5959, 6044 



t 

621, 

1294, 

2194, 

3117, 

4036, 



38] 
622, 
1303, 
2266, 
3576, 
4037, 



159, 
760, 
1323, 
2389, 
3651, 
4640 



235, 
799, 
1324, 
2424, 
3730, 



314, 

800, 
1525, 
2433, 
3740, 



324, 

812, 
1557, 
2482, 
3887, 



472, 536, 
813, 1225, 

1962, 

2848, 

3950, 



[ 23] 258, 520, 997, 1657, 2107, 2239, 

2311, 2643, 2898, 2984, 3048, 3114, 3323, 

3674, 3934, 4146, 4281, 4317, 4357, 4577, 

5629, 5820, 6069 

[ 1] 2435 

[ 2] 474, 3889 

[ 1] 726 

[ 4] 1835, 2230, 2302, 3090 
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Sspl [ 1] 6177 

SBtl [ 2] 413, 3828 

Stttl [ 2] 1961, 2481 

Styl [ 9] 324, 536, 1303, 1962, 2389, 2482, 

3117, 3740, 3950 

Taql [ 15] 860, 1096, 1407, 1418, 1660, 1999, 

2514, 2798, 2954, 2978, 3014, 3176, 3367, 
4580, 6024 

Thai [ 191 392, 394, 445, 969, 971, 1193, 

2751, 3052, 3084, 3807, 3809, 4081, 4083, 
4186, 4527, 5108, 5438, 5931, 6263 

Tthllll [ 6] 465, 877, 1275, 2803, 3880, 4227 

Xbal [ 2] 1892, 3708 

Xhol [ 1] 1998 

Xho2 [ 11] 2010, 2152, 2521, 2856, 3102, 5121, 

5132, 5218, 5230, 5998, 6015 

anal [ 2] 472, 3887 

Xina3 [ 2] 790, 2591 

Xmnl t 1] 5972 

Xor2 [ 1] 5743 
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Table 4 



Enzymes which do not cut LXSNRII.L2: 

Bgl2 Clal Hpal 

Bsml Dra3 Mlul 

BspM2 EC047III Mrol 

BstBl Espl Notl 



AccS 
SnaBl 

Apal 
Spll 

Asu2 
Sst2 

Ban3 



Nrul 
Pf IMI 
Sac2 
Sail 
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*70 5 to SfO |C00 6X0 (30 630 

•• • m • •• 

rxcxcTXooc AocAoceeeo TcmeKtn cceccctoor eocccAmo cMXooocta oocxcgcaoc 

MCXCATGG6 TGCTCOCCCC ACAAACTAAA CC CC C C XCCA CCCOCTAAAC CI CT C OCCAC CCCTCCdOO 



>M1 
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Table 6 (Cont'd) 

>cfrl 
• I 

- 1 

. . I "0 *W 660 ««0 ,00 

ACCCACCCAC CACCCCCACe TAACCTOCOC ACCJU^CTTAT CTCIXSTCTCT COCArnSTCT AQSXSTCTATe 
tCCCTCCCW CTCCCecrCC AtltXACOCC TOCm:AATA CACACACACA CCCTAACACA JSSSJH 



>Sp«l 

srsnsj nnsns sj^sjs i=» issns? 



>KeeSai 



>A«t3 
>AhA2 



>Acrl 



•ao 



•so 



7*0 9»0 too tlO 

SSSSJS inJISS SS^^ tcccIoccaJ trJoc^cc^ ctmrcwi 

vAcrocTCAA CAcncTcoo oecoocnco oaooctctoc mgotoocto xkaooooooo mnMrKoe 



140 



>BeeNl 
>Aeei 

>tAUl 
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>Kst3 



>flml >TtfilliI 



{•SO $€0 I 470 \tBO 690 900 fio 

^ ^ • • m «• r^tt • • • * • • 

CCCCACCTCA CCAACCCACT OCATCTCCXA TCCCACCCOG TCACCATATC TCCTTCTCCT ACCACAOCAO 
CCCCTCCACT CCTTCCCTCA CCTACACCTT ACCCTCCCCC ACTCCTATAC ACCAACACCA TCCTCTCCTC 

920 930 940 ISO 960 970 960 

AACCTAAAAC ACTTOCCX^OC TCOGTCTGAA lAlAit^CAil OCCTTTCCAA COCAAOCOCC COCTCTTCTC 
TTCCAI ir i O TCAACCCOCC ACOCACACIT AAAAAOCAAA CCCAAAOCTT CCCTTC9CCCG OCCACAACA6 

>P«tl 

|990 1000 1010 1020 1030 1040 lOSO 

TCCTCCACCA TOGTTCT C TO TT C TCTCT C t CKACTCTOT TTCTCTAXTT CTCTCAAAXT TACCCCCA6A 
AOCACCTOCT AGCAACACAC AACACACACA CACTCACACA AACACATAAA CACACTTTTA ATCCCCCTCT 



>Aocl 
* 

>Sm1 

>K»ta 
* 

>8tu3(I 
* 

>Afll >teo«l| 

1060 I 1070 |1080 1090 1100 1110 1120 

• • v« • *v • • • • * • • • • 

CTCXTACCAC TOOCTTAAOr TTGACCTTAO OTCACTGCAA A6ATCTO6A0 C0GATO6CTC ACAAOCAC1C 
CACAATOOTO ACCCAATTG3i AACXCCAAXC CACTCACCTT TCXACAGCXC GOCTACCCAO T C TT CG t CA O 

>Cfrl 
* 

>AcpAi >e* 1 >eA«i 
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Table 6 (Cont'd) 

>HAm2 >8»tE2 >Pmtl |>BAtl >N««2 >Cfsrl 

* * I • • • 

inO 1140 I IISO 11(0 I 1170 IXtO llfO 

• • •ir« • • • • • • r • 

CGTACATGTC XACAACACAC CTTCCCTTAC CliClWlVT CCACAATCCC CAACCRTAA CCTCCCATGO 
CCATCTACAO TTCTTCTCTC CAACCCAATG CAACAOCACA CCTCTTACOC CTTCCAAATT CCACCCTACC 

>B4ftl >Hphl >Hphl 

1300 1210 I 1220 1230 1240 12S0 12C0 

••if«» 

COOCCACAOG OCACCTTTAA CCCAGACCTC ATCACCCAOC TTXACATCAA CCTCTTTTCA CCTCCCCCGC 
CCCCCTCTCC OCTCCAAATT CCCTCTCCAO TAGTCCCTCC AATTCTACTT CCACAAAACT CCACOCCCCC 

>P00l 

>KccO10»I 

• I 

>Txh]llx| >Styl 

: I I 

1270 I 12t0 1290 1300 | IJIO 1990 1220 

** ••^•a 

MeGMtiCCe ACACCACOTC CCCTACATOO tCACCTCCGA ACCCTTCCCT TTICACCCCC CTCCCTVCCT 
TACCTCTCGC TCTCCTCCAC CCCATCTACC ACTCCACCCT TOOeXACCSA AAACTCCCOG CACCCACOeA 

>A*«1 . 

1240 I 13S0 13«0 1390 1200 1290 1400 

• • r • • •• •« •« 

CAACCCCtTT C7ACACCCTA AOCCTCCCCC tCCTCIICCl CCATCOOCCC OCtCTCTCCC CCTTCAACCT 
CncCCCAAA CATCTCCCAT TOCCACCOCC ACCACAACCA CCTACececC CCACAeACCe CCAACTXCCA 



>lee«l >SeelU 

1410 1430 1420 1440 14M 14C0 14)0 

• • •••• •••••• 

CCZCOTTCCA OOCOCOCTOO ATOCtCOCTT TATCCAOOCC 9CACTOCRC 1CTAOOOCOO AATTCOTTAO 
CCACCAAeCT COCCCGCAGC TAOCACCCAA ATACCTOCCe ACTCAeeAAO AOATOOOOOC TTAACCAXSC 
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Table 6 (Cont'd) 
>8cpKl >MAl 

1480 I4ta ISOO I ISIO 1S20 tS40 

• • • • ^ m • • • • • • 

CTTCOTAACT CACCAGCTAC AGTOCCAXAC CATCACCAAO CACCTATCTA CTCTCCAGOO TCGCCCTGCC 
CAACCATTGA CTCOTCCATO TCACCCTTTO CTAOTO O TT C CTCCATACAT CACACCTCCC ACCOCCACOO 



>BAna >Ksp(7S24|l 

>Plml >BgmX t >AnJ j| >Nh«l 

1S50 15€0 1S70 2580 | 1S90 | |l«00 | 1610 

A^tt m- • • • • • ^ • ttv • • • 

TTCCCCAGTC AACACTCCAO CCATTTGAC6 CAOCCXCTGC CCTCTTCTCT TACATCTAOC TTTTCCTACC 
AACCGCTCAC TTCTCACG7C CCTAAACTCC CTCOCACACC CCACAACAGA ATCTACAM6 AAAAOGATOO 



1(20 1«30 1€40 leSO liCO 1870 1680 

TCAACCCTC ACTATCTTOC AGCTCATTCr TCCAACATCC CCCTCTCCAT OCACACCAtC CAACTCCT C T 

cxcrrcccAC tcatacaacc tccactaaca agcttctacc cccacaccta cctctgctac cttcaccaca 



>H«1A1 
>ApaLl I 

1690 1700 1710 1720 | 17)0 1740 1750 

cnccArrec actaagtctt ocacrctca caaagactcc xccTAcrrcA agttctacaa agaaaacaca 

CAXOCTAAOe TGATTCAGAA CGTCAACAGT CITTCTCAOQ TGCATCAAGT tCAACATGTT TCTTTTCTCT 



>ir0p82 >Aa8l >Bphl 

* mm 

I lf€0 1770 17M t7«0 ItOO | 1110 1120 

«eX«CJUMTQ CXOCATTTM TOCTeCXtTT ACAeXTCATr TTCMTOeAX TTMTMTta CAACMiTCOe 
OCAOenCAC CTOCTAMIC AOCAOCTAM TetCTACTJUk AACTTAOCXT MTTATTAAV CTTCTTACOO 



>Sphl 

>Ksp(7S24)l >KapBl 

>K8plll >ir«pf7524)l >»8tl 

1820 t 1840 18S0 |l860 1670 ItM 1090 

• • • • • 4^ • 

AAXCTCAOOe CCAICCTCAC ATRAAGXTr TACATOCOCA AGAAOGOCAC AGAACICAAH CATCtCGMT 
mCAGTGCO OGTAOCAGTO TAAAtTCAAA AT6TAC0OGT TCTTOOOGIO f C l IO ACTrT CTAGAOCTCA 
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Table 6 (Cont*d) 

I 1900 1910 1920 1930 1940 19S0 | 19C0 

▼ •• 

CTCTACXACA MXACTCAAA CCTCTGCAOC IIACTCCTAXA TTTACCTCAA ACCAAXXACT TTCACTTAAC 
CACATCTTCT TCTTCACTTt CCACACCTOC TTCXCCATTT AAATCCACTT TOCTTTTPCA AACTCAATTC 



>Avr3 

>Styl 

>Stal 
•I 



II 



1970 



1900 



>Hmml 
• 

1990 



>ATftl 

>Aqttl 
* 

>Ccrl 
* 

* 

>XhOl 

aooo 



>zhoa 
>8stri 
3010 ao3o 



.2030 



•CCTACGCAC TTAATCAGCA ATATCAAOCT AATACTTCTC CACCTAAACC CATCTCAAAC AACATTCAIC 
OCCATCCCTG AATTAGTC6T TATACTTCCA TTATCAACAC CTCCATTtCC CTAOACTrrC TTCTAACTAC 



3040 



30S0 



>»tiZl 

3040 



3030 



3000 



3090 



3100 



tCTGXATATO CTCATCACAC AOCCAOCAIT OTCCAATTTC TCAACACATC CATTACCTTT TCTCAAAGCA 
ACACTTATAC CACTACTCTC TOCCTCGTAA CXCCTTAAAG ACTT6TCTAC CTAATCCAAA ACAG11TC0T 



>iMKi 

>BstTi 

>Xho2 >ll8pft3 

>«ljilAnjrlrut^40^«arly^rottot9r 

>Ko*NuSV DKA •nd/fliaiu Tirua 40 OXA^Btftct 

ailO 3180 3130 3140 aiSO I 3100 3190 

• • irr* ^ * 

TGATCTCAAC ACTAACTTCA TAATTAA6T0 CTTCOCAGTT AAAACATATC XCCATOOGCt CtCCAATCTO 
AGTAGACTTG TCArZCAACT AITAArrCAC 6AACGGT6AA TTTTCTATAO TCCTAOGOGA CAOCTTAaC 



m 

>llsU 

>Am3 
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Table 6 (Cont'd) >K«p(7S2«)& 

- I 

>K0pHl 

>Sphl 

3160 2200 2210 2220 2230 | 2240 

TCTCACTTAC CGTGTCCAAA CTCCCCACCC TCCCCACCAG CCACAAGTAT CCAAAGCATC CATCTCAATT 
ACACTCAATC CCACACCTXT CACCOCTCOC ACCCCTCCTC OCTCtTCATX OCTTTOCTAC CTACAGTTAA 



>lfsll 
>Ava3 
>tcoT22X 

>Mtp(7S24)I 

• I 

• I 

>Sphl 

23S0 22M 2270 22tO 22fO 2100 | | 2310 

• • •• •• 

AGTCA6CAAC CACGTCTCCA AAGTCCCCAG CCTCCC CA GC AGGCAGAAGT AfCCAAACCA TGCATCTCAA 
TCACTOGTTG CTCGACACCt TTCACOCGTC 0CAGCGGT06 tCCCTCTtCA TA0CTTT06T AOCTAGAGTr 



2320 3330 2340 23SO 23«0 2390 2300 

• • i • • • • • • • • • • • 

TTAGTCAGCA ACCATACTOC OCCCOCTAAC TCOCCCCATC COGOOCCTAA CTCOGCOCAC TTOOCOOCAT 
AATCAGTOGt TCCTATCAGG CCGCGOATTC AGOOCGCTAG GGOGCCGAtT CACGOGGGTC XACCCCOCTA 



>MCOl >ffil 

22f0 2400 2410 2420 2430 | 2440 24S0 

•t* •• •• • • • • 

TCTOOCCCOC ATGCCtCACT AATTTTTTTT AmATGCAG ACCCOCAOCC CGCCTOGGOC TCTCAGCTAT 
AGAGOOCGGC TACOCACZCA TTAAAAAAAA TAAATAOCTC TCOGCCTCOO CCGGAGCOCG ACACtOCATA 



>Stjl 
>»«cS ' 

>Stml >BspKl 
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>A«tt >Hlntf9 >F«tl 

•I .1 

2««0 34Y0 3480 || 2490 3500 3510 I 3S20 

•• ••mr • • • i m * 

TCCACXACTA GTCACCACCC l UUiC CAO CCCTAGCCTT TTGCAAAAAO CTrCCCCTCC ACCTCCACCC 
ACCTCTTCAT CACTCCTCOG AAAAAACCTC OCCATCCCAA AAOCTTTTTC CAACCCCACC TCCACCTCOC 

>Bcll 

>Xhe2 

l«l*«.vl*«»_DKA_«nd/Tn5_DKA_«t*rt 



I 12520 2 540 2550 2 560 2 570 I 2SM 

• • • r • • • 

CCATCTCATC AACACACACC ATCACCATOC TTTOOC ATO ATT CAA CAA CAT CCA TTC CAC CCA OCT TOT 
eCTACACTAC TTCTCTCTCC TACICCTACC AAACOC TAC TAA CTT CTT CTA OCT AAC CTC OCT OCA A6A 

K«t II* eiu Cin A«p Cly Leu Bis hit cly s«r> 



>lce52x 
>CUl 

2500 2510 3530 3CJ0 3S40 3550 

• ••••• • , 

^ ********* ~ «<=^ CAC ACA A»C CCe tec »CT 

CeC OCC CCA ACe CAC CIC TCe OAT AAO 000 ATA CXO ACC OOr OTT OtC ter tAO OOO ACQ MA 

rro AU AlA Trp V«l «!• Xrg U« Mm Oly Tyr Aap Trp Ala ola Ola Thr lla «ly Cya t«r> 

>Ra«3 

>Bb«l 
>K4rl 
>AeyJ 
>Aha2 
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Table 6 (Cont'd) 

• I 

«; «e .« ™ « « ^« «j s s: .« ni ss s s? ss 
~ j::: s t." Ji^.in t^; - v.. «. «. - ».p 

>8AlX 

>efrl 
>*«•! 

3170 

* ! JL. e»e e&a CCX COS COO CTA TCC TCO CTO OCC ACQ XOO CCC 

CCT CCC CIC AXT CAX CIC CX« CAC CAO CCA OCB W acC CAC CCC «C TOC COC 



2730 «W 2740 ^"0 27W | 

• • • T • • • 



toe OCT CCC CIC AAT CA* «» w«w ™ ™ 

in S5 tr. is; i;: 2! si: SI s: t« ... «. »c «^ 



>Ao«l 



>rdl2 >rvwi >H9iAl 



>K0tl 



37«0 



I 3790 I 



>Ka*2 



3tOO| 



3010 



2S30 3MO ai«0 



>B»m 

»Cho3 >llpbl ' 

atse I itw I 

• At • ▼ • *' 

CAX TO coo OOO CAO CAX CTC CtO TCA TCT CA 
CXT CAC CCC CCC CTC CtA «A0 CAC ACT ACA CTO 

1« v»l »r ety Ola A»p x*ii 



aMO 38»0 2900 

• • • • • • 

CTT «Ct CCT «Ce CM AAA CT* tOC A»C ATO 
GAA COA OCX COO CTC TTt CA» AOO TAO TAC 
tM Ala rro Alft «l« l.y« ▼*! S«r XI X«t> 
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• • • • • 

CCT GXT CCA ATO CGG OM CTQ 
06A CTA OCT TAC CCC OCC CAC 
Ala A«p Al« K«t Ar9 hrq Leu 



Table 6 (Cont'd) 



39)0 3940 

• • • • 

CAT Aoc err cat coo cct acc 

CTA TCC CAA CTA CCC CCA TCC 
Hl« Thr Leu A»p rro Ala Thr 



99SO I 29M 

• V a • • 

TCC CCA TTC CAC CAC CAA COO 
ACC CCT AM CTC CTO CTT CGC 
Cy« rre Fhc A^p Hit Gin Ala> 



>Rflal 



>H9iAl 
>Ka«3 



>C(rXOX 



2«Y0 2«»0 »«»0 3000 | 3010 3020 3030 

ULX e*T OCC XTc exe ccx cck oct act cx^o ato cax ©cc oot err etc cat exc cxr cat cto 

M? OTA OCC TXO CTC CCT CCT CCA WA OOC TXC err ceo CCX CXA CXO CTX CTC CTA CTA CA 
tya m» Xrfl 11« Clu Ar? AI« Ary Thr Ar* M*t «« Ala Cly Vm» V«l A«p ClA X«p A*p L«tt> 



* 

3040 )0$0 30C0 

• • • • • • 

CAC CAA CAO CAT CAC CCC CTC CCC CCA CCC 
etc CTT CTC CTA CTC CCC ChC CCC CCT COC 
Aap Clu Clu Hit Cln Cly Lau Ala Pro Ala 



>Sphl 

>|iap(7S34|l 

>Baall2 >K«pKl 

30TO 3000 I 3090 

m • • • V • • 

CAX CTC TTC OCC AGO CTC AAO COC CCC ATO CCC 
CTT CAC AAC OCC TCC CAC TTC CCC GC6 TAC CCC 
Clu Lau Pha Ala Arg Lau Lyt Ala Arg Mat fx > 



>Xhe3 >Mcol 

>iatTl >Strl 
* • 

3100 I 3110 1 3130 

CAC CCC CAO CAT CTC CTC CTC ACC CAT CCC CAT 
CTO OCC CTC CTA CAO CAC CAC TOO CTA CCC CTA 
Aap Cly OU Aap Lau Tal Tal Thr Bia Cly Atp 



>Cfrl 
* 

>Baal 

3130 3140 31M | 

• • • • • 

COC TCC TTC COO AAT ATC ATC CTC CAA AAT 
CCC AOO AAC COC TTA TAC TAC CAC CTT TTA 
Ala Cya Law Pro Aaa Tla nmt Val Olu Aan> 



wo 93/07906 



58 



PCr/US92/08999 



Table 6 (Cont'd) 
>CfriOI 



>cfrl 

S ^ S5 ~ lit "p ss ^ - M. ^ .i. 



|3x»o wool aaio 



aaso "«« 



3310 






• 




• 


* €XC 


OCC 


TTC 


k CTG 


COG 


AAO 









• 



MIO "20 

2290 *300 ^ . . « • • • 

i »~ 5S Y^i^.T.vr. s; :n s itt st i,. ». - - «• 



I>Tn$ WK •i>d/.M©-KtttW_D«X_»t«rt 
„s. ' »» .»•: 

„ 4x .=oL«,; ««:nc=: «ssiss 

AAC ACX eCCCCtCXC HCCCCAXCCT XTTTtATTrr CTfMTMX TOWJMWIVI « 



>XflS 

>1IM1 I 



!»«• 

^^^^ j^itss 

COetCCACAT CCWACCCtT CCXtOCXATT CXTTOOeCtX XXXOCTICCB T*w.*» — 

>KspB2 

>Pvti3 >»^"* 
,510 3S»0 ^ 3S30 j . . «»• L «•! 

cxxtIcxoxx cttcIcx«: xcctcxecxl JSSiSI SSSSS 

CrtXTCTCTT CXXCTCtXCT TCCXOTCCTT CTCTXCCTW TCCXCTrXT* 
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>AlwNl 



.-s:^ — — ss;,-: jjsfs^ sjcinjs 



>AlwKl 



«40 «50 «60 3„o ,eeO ,6,0 3,00 

r^nr^J** CCACWCCTO eccOOCCIC* CCCCCAACAA CACA^OCTCC CCAcIlCCCC tCCjlct^ 
ACACACCATT CCTCAACCAC CCCCCCCAOT CCOCCTTCrt CTCTACCAOC SJSISS? 



.o,.,j 

>CeeO20*l 
- I 



'^'jsz — csn s^isss j^A™ sdsd 



>f«el 

>ll9iAl 
• 



mo mo woo ,„oJ ,;,o M40 

J«AACTAj« jATCAonw CTTcxtscn CTcno^ ecrr^icci^ ^aoc!^ krtjlxcJL 

XCWCATTCC TTAOrCAACC CAACACOCAA C*CAA«»CC CCAACACCAO il^^ 



>B«al 
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3670 



>TthlllI 
3880 



>5iul 

• I 

• I 

>Ai|ul 

• I 
3890 



I 



» ir • 



3900 



3910 



CCXCAACCCC TCACTOCCCC CCCCACTCCT COCATTCACT CACTOCCCOC CCTACCOCTXS TATCCAAf AA 
CCTCTTCCCC ACtCACCOCC COCCTCACCX CCCTAACTCA CXCACCOCCC CCATOGCCAC ATAOCrrATT 



3920 



3930 



3940 



>5tyl 
3950 



3960 



3970 



3980 



AOCCTCTTOC ACTTCGATOC CACTPCTCCT ClCCCTCTtC CTTCCCACCC TCtCCTCTCA CTCATTGACT 
TCCCACXXOC TCAACCTACC CTCAACACCA CACCCACAAC CAACCCTCCC ACAGCACACT CACTAACWA 



>»»P»2 >8«nl 



>990 4000 4010 | 4030 4030 4040 40S0 

• • • • • V • • • « . . ^ ™ 

ISSf^^ CATTICCCCC CTWTCCOCC ATOCCCACAC CCCTCCCCAC GCACCACOCA 

tCCCCACTCC CCCCCACAAA CTAAACCCCC CACCACCCCC TACCCCICTC CCCACCCCTC CCTOCxSS 



>K«p(7S24)l 

>iiphi >n|»hi >N«iai 

I 

^JOCA«0 CCMCTAMC TCOCTCOCXC COCOCTTTO^ CTCATCAm TCJuJIaOCN IOA JcAM 
«0«»CCT«CC CCXCCATIOO AOOCAOCCM OGCCOUUIOC CACTACICCC ACntl^ AcJSSS 



<0»0 4090 I 40tO 40f0 4100 | 4110 I 41M 



>8gU 



<"0 4140 41S0 41«0 4170 I 4100 

• •• •• i m 



41*0 



J«CT^CA 6AKCTCMA CcnCICKST AAOOCGATOC OOeCACCACA CAACCOOCTC AOCGCCOeie 

*«Acc<»»r cxeocMTCT ocAACACAOi nococTAOO COCCT06ICT on«««3ui JSoSSS 



>irapB2 



>TtllIllI >Ka«2 



>Aeel 
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I . "« , ^ „« ^ , „ „^ , ^^^^ 

ACCCCCTCTT CCCCCCTCTC CCCCCCCXCe r^^.JL.^ • 

«.cc«c« «.ccc.c« SilSSJ^ -c^jcc, ill;^c»r^ 

>H9lAl 
* 

4270 4360 4290 Ultl 1 a%^^ 

IS? jsss ssssjs issss; rjsjjsi srisn 



4400 



.^i" I ««o O.0 



C3CTAACCACA AAATACOCCA TCMCCCCTC TTCj-iiiiT t, , -s^lL. • * • ♦ • 

«»«cc«. .„™ .'SSSIS S^SSSS x'SSSSS JSSSSl SSSSI 

«„ „. ^ 

ssns^ ssssijs jssss '^'"•^ 

v«««Ti.ABT TTCCCCCATT ArCCCAATAO CrCTCTTACt COCCTATTCC 



>l(«p(7S24)l 
>ltaplll 
>AflS I 



I „„ ,^ ^^^^ 

s^sijjs snnjs Ji^ssss? jsjsss^ siss 

TTTTCOCOTC CTTCCCATTr tTCOCCOCCA AC6K0CCCM 



4SS0 4SM 4SY0 4SAA ^.^^ I 

" •••• 
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TTTCCXTAOe CTCOCCCCCC CTGACCACCA tCACAXAAAT OCACCCTCAA CTCACACCTQ CCCXXXCCOO 
AAXCCTAtCC CACCCCCCCC CAC1CCTCCT AQTCTTTTTA CTCCCACTT CACTCtCCAC CCCTTTCCGC 

4M0 4iJ0 4640 4650 4660 4670 4660 

ACACCACTAT AAACATACCA CCCCTTTCCC CCTCCAACCT CCCTCCTCCO CTCTCCTCTT CCCACCCXCC 
TCTCCTCATA TTrCTATGCr CCCCAAACCC CCACCTTOCA CCCACGAOCC CACACCACAA CCCTCCCAOC 



46$0 4700 4710 4720 4730 4740 47S0 

CCCTTACCOC ATAOCrCTOC COCTTTCTCC CTTCCCCAAe CSCTCCOCCTX TCICATACCT CAOOCTCTAO 
GOGAATCCCC TATCCACACC OCCAAACACG CAACCOCTTC CCACOCOCXA ACACTATCCA CXCCCACATC 



>Ap«Llj 

4760 4770 4760 4790 f 4600 4610 4620 

CTATCTCACT TCCCTCTAGO TOCTTOCCTC CAACCtCCCC TCTGTCCAOG AACCCCOOGT TCACOCCCAC 
CATAGAOTCA ACCCACATCC ACCAACCCAC CTTCCACCOC ACACAOCTCC TTGGCGCGCA ACTOCGCCTC 

>l«opi2 >P1«1 

I 4630 4140 4650 4 660 4670 4660 4690 

T • • • • •# • 

OCCICCCCCT TATC0GC7AA CTATCGtCTT 0A6TCCAACC CGCTAACACA CCACTTATOO CCACtCCCAG 
COCACCCCCA ATAOCCCAir CATACCACAA CTCACCTTGC CCCATTCTCT CCTCAATAOC CCTCACOCTC 



>AlvNl 

[4900 4910 4930 4930 4940 49S0 4960 

*Y • • • • • • • • • • • 9 • 

CACCCACXCG TAACACCATT AOCACACCCA CCTATCTACC OGCTCCTACA CACTTCTICA ACTGCTCCCC 
CTCCCTCACC ATTCTCCTAA TOOTCTCCCT CCATACATCC CCCAC3CATGT CTCAAGAACT KAOCACOCG 



4970 4960 4990 SOOO SOlO 6630 6030 

••• • •• 

TAACTAOCCC TACACXACAA CCACAGTATT TCCTATCTGC OCTCTCCTOA AOCCAOmC CTTOCCAAAA 
AnCATCCOG ATCTCATCTT OCTOTCATAA ACCATACAOG CCACAOGACT TCCGTCAAXC CAAGCCmT 



>lffspB2 
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5040 SOSO $060 S070 SOOO S090 SlOO 

ACACTTCGTA CCTCTTCATC CCCCAAACXA ACCACOCCTC CTACCCCTCC TTTTTTTCrr TCCAACCAGC 
TCTCAACCAT CGACAACTAC CCCCrrTGTT TCCTCCCCAC CATCCCCACC AAAAAAACAA AOGTTCCTOO 

>Xho7 >8«tTl 

SlIO 5120 I SIM I 5140 SISO 5160 • SlYO 

ACArrAOGCC CACAAAAAAA CCATCTCAAC AXCATOCRT CATCrrTTCT AOCCCCTCTC AOCCTCACTO 
TCTAATCCOC CTCrTTTTTT CCTACACTTC TTCTACCAAA CTAGAAAACA TCOCCCACAC tCCCACTCAC 

>B0tri 

>Xho2 >B«tn >Dral 

>HMm2 >8ipHl >Kphl >Xhe2 >A>ia3 

* A « I A « 

8100 I 5190 5300 5310 tS230 5330 5340 

CAAOCAAAAC TCACCTTAAO CCArmCGT CXTCACATTA TCAAAAACCA TCTTCACCTA CATCCmTA 
CrWCA - i ' l IC ACTCCAATTC CCTAAAAO» CTAC7CTAAT ACTTTTTCCT ACAACTCCAT CTAGCAAAAX 

>Aha3 

m 

5350 5360 5390 5380 5390 5300 5310 

AArrAAAAAT CAACrrTTAA ATCAATCTAA ACTATATXtO ACTAAACTTC CTCTCACACT TACCAATGCT 
rrAATTTTTA CTTCAAAATT TAGTTACATT TCATATATAC TCATTTCAAC GACACTGTCA ATCCTTAOCA 

>08ni >ri«i 

5330 I 5330 5340 5150 5360 | 5310 S300 

• • ^ • • #• • m m • • • 

TAATCACTGA CCCACCTATC tCACCCATCr CTCTATTTCO TTCATCCATA CTTGOCT6AC TCOOO C TO G t 
ATTACTCACT CCCTCCATAG ACTOCCTACA CACATAAACC AACTACGTAT CAAOCCACTC ACCCCCAGCA 

>8plll 

5390 5400 5410 5430 5430 S440 | 5450 

• • • m ^ • 

CTACATAACT AOCATAOCCC ACCCCTTAOC ATCTCCCCCC ACTCCTCCAA TCATACOCCG ACACOCAOSC 
CATCTATTCA TGCTATCCCC TCCCCAATGG TACACOCCGC TCACCAOCTT ACTATOGCOC TCTCCGTCCO 

I 5440 5470 5480 $490 | 5500 5S10 S530 

▼ •ft • • 

TCACOCGCTC CACATTTATC ACCAATAAAC CAGCCACOOG CAAG06C0CA OGCAGAAGT GGTOCTCCAA 
AGTCCCCOAG OTCTAAATAO TCGTTAmO OTOCCtOGGC CTTCCCGGCT OGCG TCI T CA CCACCA06TT 
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Table 6 (Cont'd) 



5S30 5S40 I 5550 5550 5570 5500 S5fO 
. • «• • • • • • • • • 

CTTTATCCCC CTCCATCCAC TCTATTJIKTT OTTCCCCCCA ACCTACACTA ACTACTTCSOC CACTTAATAO 
CAAATACCCC GAGGTAGGTC AGATAATTAA CAAOCCCCCT TOCATCTCAT TCATCAACCC CTCAATTATC 



>Kae2 



>Aocl 
>rapl 
>Fdl2 
>MstI 



I 5600 5610 5610 5630 5640 5650 5660 

Iv* 

mccccAAC crrcrrcccA ttcctccacc cATOcTcete tcaocctoct octttcctat cccttcattc 

AAXCCCCTTC CAACMOCCT AA0CAC6TCC CTACCAOCAC AaTCCCACCA CCAAACCATA COCAAGTAAG 



5670 5660 56fO 5700 5710 5780 5730 

• • 

AGCTCCCCTT CCCAAOCATC AACCCCAGTT ACATCATCCC CCATGTTGtC CAAAAAACOC CTTACCTCCT 
TCCACCCCAA CCCTTCCTAO TTCCGCTCAA TCTACTACCC CGTACAACAC CTTTTTrCCC CAATCCAOGA 



>Xor2 >Cfrl 

5740 I 5750 5760 | 5770 5750 S7fO 5000 

• ^ ^ • • • •^• t #« • • • • 

TOGCTCCTCC GATCOnCTC AGAAOTAAOT TCCCOOCAGT GTTATCACTC ATOOrTATCC CAGGACTGCA 
ACCCACCACG CTAGCAACAG TCXTCATTCA ACOCGCOtCA CAATAGTGAO TAOCAATACC GTOGTCACCT 



>ASAl 

>5e«l >HpKl 

5010 5620 5630 5640 5850 | 5860 5070 

TAXrrCTCTT ACTCTCATGC CATOOGTAAO ATCCnTTCT GTGACTCGTO AGTACTCAAC CAAGTCATTC 
XTTAAGAGAA TCACXCTAOG GTACGCATTC TACCAAAA6A CACTGACGAC TCATCAGTTO CTTCAGTAAO 
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Table 6 (Cont'd) 



>Hine) 
>Hin43 



>Acyl 



s... »oo .„e .,„ 

TCACAATACT CTATCOCCOO ACOCACTTCC TCTTGCCOCC OCTCAACAOO CCATAATAce CAeJL/^kvT 
ACrCTTATCA CATAOCCOCC TCCCrOLAOC ACA*«C«CC CCACTICtS SIJIJJIJS 



>A*p900 

* 

>Or.l >H9U1 ^^^^^^ 

C CACAAC TTT AAAACTCCTC ATCATTCCAA AAOCTTCTTC CCCCCCAAAA CTCTCAaLI VmlrvX^ 
CQT^AAA TWTCACCAC TACTAACCTT nt^CAACAAC CCCCCcJJJJ tSS.^!^ ISIJSS 

>Zho2 

| «070 iOMO ,040 Ko$0 ^ .O^O j «010 WtO 

CTTCAGATCC ACTTOCATOT AACOCACTOO TCCACCCAAC TCATCTVCAG CATCTTrrAC meTfv^ 
CAACn^TAOC WAAC«ACA «CC«TCACC AC«CCC«0 ACxISSSS SISSSw SSSISS 

>Bphi 

<0»0 «100 4110 .MO .1,0 «40 «!«» 

SSItllf ISiiS?** **TCaXCAA AAAA^AA ^ AACO^X J CCO»lxt^ 
«»^CACCCA CTCCtTttTO TOCTTCCCTT TTAOOOOCtT rmcCCXTA TTCOCCCXVT OCCXTTACaI 

. . . . . e»o 
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Table 6 (Cont'd) 

CXXTACTCAT ACTCTTCCTT TTTCAATATT ATTCAACCAT TTATCACCCT TATTCTCTCA TCACCCCATA 
CTTATCACTA TCACAACCAA AAACTTATAA TAACTTOCTA AATACTCCCA ATAACACACT ACTOCCCTAT 

(230 €240 MSO 6260 C270 62tO 6290 

CATATTTCAA TCTATTTAC* AAAA TAAACA AATACCCGTT CCCCCCACAT TTCCCCCAAA ACTCCCACCT 
CTATAAACTT ACATAAATCT TTTTATTTCr TTATCCCCAA CCCCCC7CTA AAGCCCCITT TCACCCTCCA 



>AAt2 



>AhA2 
>AeyX 

m. 



>fcoO1092 

>BspRl >Or*a 



6300 Oie I 6330 6330 6340 63S0 | 6360 

V** • • ^ m m 

CAOGTCTAAa AAACCAtTAT TATCATCACA TTAACCTATA AAAATACC06 TATCAOCAM OCCTTXCCXC 
CTCCACATTC TTTCCTAATA ATAOTACTCT AATTCCATAT TTTTAtCOCC ATACTVCTOC CeCAAAOCAO 



TTCAA 
AAOTT 



cyM* which 4e not cut LXSMdZU i 

%cc» CUl Hp«l Krul «M»1 

Mmml ftrO N1«1 MlKl CpXl 

BspMS Bee4lZXt Mrol C«c2 S«t2 

taaJ Bstai Bcpi votl Bmll 
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To generate th LXSN-RI-IL2 retroviral vector, 10 
micrograms of pLXSN-RI-IL2 DNA was transfected into the 
ecotropic packaging cell line PE501 by standard calcium 
phosphate precipitation methods (Miller et al., Mol. Cell 
5 Biol. 6:2895, 1986). The transfected PE501 cell line was 
grown in DMEM medium with 10% FCS. The medium was changed 
after 24 hours and supernatant harvested 24 hours later to 
infect the amphotropic packaging cell line PA317 as 
described (Miller et al., Mol. Cell Biol. 6:2895, 1986 and 

10 Miller et al., BioTechniques 7:980, 1989). The infected 
PA317 cells were harvested by trypsinization 24 hours later 
and replated 1:20 in DMEM containing 10% PCS and the 
neomycin analogue G418 (400 ^fg/ml). The cells were grown 
at 37*^C in 7% COa atmosphere. The selection medium was 

15 changed every 5 days until colonies appeared. On day 14, 
twenty colonies were selected, expanded and tested for 
viral production by standard methods (Xu et al.. Virology 
171:331-341, 1989). Briefly, supernatants were harvested 
from confluent culture dishes, passed through a .45 ym 
20 filter, diluted with DMEM with 10% PCS and utilized to 
infect NIH 3T3 cells in the presence of 8 pig/ml polybrene. 
After 24 hours, the infected NIH 3T3 cells were grown in 
culture medium that contained the neomycin analogue 6418« 
After 12-14 days, the colonies were stained, counted and 
25 the viral titer calculated as described (Xu et al.. 
Virology 171:331-341, 1989). 

Colonies with the highest viral titers (>10^ 
infectious units/ml) were tested for IL-2 expression by 
Northern blot analyses. Colonies with the highest viral 
30 titers and documented IL-2 expression were cryopreserved 
and will be utilized as stock cultures to produce the LXSN- 
RI-IL2 retroviral vector trial. 
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EXAMPIiE IV 

RETROVIRAI, VECTOR CONSTRUCTION AHP CYTOKIRE EXP RESSXON 

To increase IL-2 production by transduced cell 
lines, vectors were used containing different promoters to 
5 drive IIi-2 expression, and a human IL-2 cDNA was 
directionally sub-cloned into the insulin secretory signal 
peptide ( 17 ) . The IL-2 cDNA was directionally sub-cloned 
into the parental plasmids of the LXSN (LTR promoter) and 
LNCX (CMV promoter) vectors (gifts of Dr. A.D. Miller) 

10 ( 18 ) . The newly constructed vectors (Figure 1 ) , designated 
as LXSN-IL2 and LNCX-XL2, were packaged in the PA317 cell 
line for production of retroviral supernatant. As a 
control, the high level expressing, double copy vector 
DC/TKIL-2 vector (thymidine kinase promoter) (a gift of Dr. 

15 E. Gilboa) was used for comparison. 

These vectors were used to transduce a number of 
murine and hiunaix, primary and established cell lines. 
Pools of transduced cells were selected and expanded in 
DMEM medium, containing 10% fetal bovine serum (FBS) and 
20 400 fig/wl of active G-418, a neomycin analogue. The 
results of expression studies in the MCR9 and Balb/c 3T3 
cell lines are presented in Table 7. 
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Table 7 



Comparison of IL-2 expression by fibroblasts 
transduced with different IL-2 vectors. 

5 







SLq. 


IL-2 


Units IL-2 




Fibroblast 


Vector per 


10* cells 


per day 




Murine 


LNCX (Control) 0.4 


±50% 


<1 


10 




LNCX-IL2 33.7 


±11% 


67 






LXSN-IL2 6 . 6 


± 6% 


13 






DC/TKIL-2 1 . 9 


± 5% 


4 




Buman 


LXSN (Control) 0.7 


±29% 


1 






LNCX-IL2 159.5 


±17% 


319 


15 




LXSN-IL2 25.5 


±15% 


51 






DC/TKIL-2 3.0 


±10% 


6 
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EXAMPIrE V 

FIBROBLAST CUI,TURE AND CONDITIONS FO R RETROVIRAIi 

TRANSDUCTION 

The culture conditions for the growth of primary 
5 fibroblasts retroviral transduction were optimized. 
Primary fibroblasts were successfully cultured- The 
optimal conditions enable the growth of approximately 3-4 
X 10^ primary fibroblasts from a 12 mm^ skin biopsy in 
approximately 4-6 weeks. Retroviral infection^ G418 
10 selection, and expansion of the genetically modified 
fibroblasts takes an additional 4-6 weeks. 

Exploring the conditions for genetic modification 
of primary fibroblasts suggests that optimal transduction 
may be obtained by the following procedure: The fibroblasts 

15 are synchronized in GI phase by sertim starvation/ followed 
by stimulation with medium containing 15% fetal bovine 
serum 15 hours prior to transduction. The cells aro then 
subjected to 2 cycles of retrovirus infection , each cycle 
lasting approximately 3 hours. The cells are refed with 

20 fresh media overnight, and then selection in G418 is 
initiated the next day. This method is capcdsle of 
transducing 5-15% of the fibroblasts in a culture, 
depending on the multiplicity of infection. 

This procedure was used to transduce a large 
25 number of primary and established fibroblasts. As an 
example. Table 8 compares the expression levels of IL-2 in 
fibroblast lines transduced with LXSN-IL2. 
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Table 8 



Expression of IL-2 by fibroblasts transduced with LXSN-IL2, 

5 Fibroblast no IL-2 Units IL-2 

^ine Species Origin per 10* cells per day 

Balb/c 3T3 Murine Transformed 6,6 ± 6% 13 

MCR9 Human Embryonic 25.5 ±15% 51 

10 NHDF 313 Human Skin 25.0 ±10% 50 

GTl Human Skin 15.0 ± 5% 30 



These results indicate that the IL-2 expression 
levels in established^ embryonic, and primary fibroblast 

15 cultures are similar. Comparison of these data with Table 
7 suggest that IL-2 expression is affected more by factors 
such as different promoters than by the fibroblast line 
used. Similarly, changes in culture conditions can have 
important effects on IL-2 expression. Table 9 shows that 

20 transduced GTl cells, a primary human fibroblast culture 
expressed 15-fold more IL-2 under 100 pg/ml G418 selection 
than under 25 jig/ml G418 selection. Several other primary 
fibroblast lines have also been transduced with our vectors 
and are currently growing under G418 selection. 
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Table 9 

Effect of G418 concentration on IL-2 expression by GTl 
cells transduced with LXSN-IL2. . 

Selection dose ng IL-2 secreted 

of G418 per 10*^ cells per day* 



25 pg/ml 1.0 ± 10% 

10 50 pig/mL 3»0 ± 6% 

100 Jig/ml 15*0 ± 5% 

*After three weeks of G418 selection. 



EXAMPLE VI 



15 COMPARISON OF IL-2 EXPRESSION LEVELS INDUCED 

PERIPHERAL BLOOD LYMPHOCYTES AND 
GENETICA T.T.V Mnn iFIED FIBROBLASTS 



In order to compare the production of IL-2 by 
genetically modified fibroblasts to that achieved by 

20 stimulating normal human peripheral blood lymphocytes 
(nPBL) in vitro > nPBL were isolated by Ficol-Paque density 
centrif ugation,. and cultured in the presence of allogeneic 
nPBL (mixed lymphocyte culture, MLC) or 2 jM calcium 
ionophore CCI) {A23187) free acid) plus 17 nM phorbol 12- 

25 myristate 13-acetate (PMA) . The results of this 

experiment, present in Tcible 10, indicate that the level of 
IL-2 expression in the PMA/CI stimulated normal T cell 
population was 2 ng/10^ cells/24 hours • This is equivalent 
to IL-2 expression by Balb/c 3T3 fibroblasts transduced 

30 with DC/TKIL-2 (Table 7}> our least productive vector. The 
level of IL-2 expression in the MLC was 130 pg/10* cells/24 
hours. This was lower than the PMA/CI stimulated culture, 
pr sumaibly b cause PMA/CI induced a nonspecific response 
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while MLC resulted in specific Th stimulation. When the 
estimated p rc ntage of antigen-sp cific Th in the MLC- 
stimulated population is taken into consideration^ the 
level of IL-2 expression per stimulated T cell becomes 
5 equivalent for both methods. 

Table 10 

Levels of IL-2 secretion by different cells. 



10 



Cells 



Lymphocytes : 

Control ( non-activated ) 
PMA + Calcium lonophore 
15 Mixed lymphocyte culture 



pg IL-2 secreted 
per 10^ cells per day 



5 ± 50% 
2,000 ± 6% 
130 ± 90% 



20 



Transduced fibroblasts: 
MCR9-LXSN-IL2 
MCR9-LNCX-IL2 
MCR9-DC/TKIL-2 



24,000 t 5% 
162,000 ± 20% 
10,000 ± 6% 



EXAMPLE VII 



FIBROBLAST MEDIATED CYTOKINE GENE THERAPY 
IN MURINE TUMOR MODELS 

Two experimental protocols were used to study the 
25 efficacy of f ibroblast-mediated cytokine gene therapy on 
induction of ant i- tumor immunity. The first protocol was 
designed to test the effects of genetically modified 
fibroblasts on tumor implantation, while the second 
protocol was designed to induce a systemic anti-ttimor 
30 immunity. The results of each experiment are presented 
with two figures and one table. In the first figure, the 
rate of tumor growth for each treatment group is pr sented 



SUBSTITUTE SHEET 



wo 93/07906 



74 



PCr/US92/08999 



as the mean tumor size in the group over time. In the 
second figure^ a Kaplan-Meier curve pres nts the time of 
tumor onset for the individual animals in each treatment 
group. The number of animals ^ the number and percentage of 
5 tumor free animals, and the tumor size distribution 
patterns for each experiment are presented in a table. 



EXAMPI>E VXIfa^ 



EFFECT OF FIBROBIAST MEDIATED CYT OKINE GENE 
THERAPY ON TUMOR IMPIiANTATION 

10 Mice were injected subcutaneous ly with mixtures 

of 5 X IG* CT26 cells and 2 x 10® fibroblasts genetically 
modified by different retroviral vectors to express IL-2. 
In the control arms injected with tumor cells only, or with 
tumor cells mixed with unmodified fibroblasts, 31 of 33 

15 animals (94%) developed tumors by 4 weeks (Figures 6 and 7, 
Table 9). In contrast, 22 out of the 34 animals (65%) 
receiving fibroblast mediated cytokine gene therapy were 
tumor free at 3 weeks, and 5 animals (18%) remain tumor 
free after 12 weeks ^ Those animals that received 

20 fibroblast mediated IL-2 therapy and developed tumor were 
characterized by a delayed onset and rate of tumor growth. 
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After 3 w eks the mean tumor size (measixred as 
the product of the longest and widest tumor axes) in the 
control group of mice was 128 mm^^ compared to 68 and 7 jxm^ 
in groups of mice injected with tumor cells mixed with 
5 fibroblasts transduced with DC/TKIL-2 or IiNCX-IL2, 
respectively. This resulted in a highly significant 
difference (corrected x^ = 18.69^ p = 0.001) between the IL- 
2 treated animals compared to the mice treated with CT26 
alone or CT26 mixed with unmodified fibroblasts. After 

10 four weeks the equivalent measurements were 373^300 and 72 
mm^ (Table 11). Xt is notable that I.NCX-IL2r the highest 
expressing vector caused substantially greater inhibition 
of tumorigenicity than the lower expressing vector DC/TKIL- 
2. A multivariate non-parametric statistical procedure 

15 (19>20), utilized to evaluate differences in tumor growth^ 
demonstrated that after 4 weeks the differences between the 
growth curves for the four groups presented in Figure 2 
were highly significant (p < 0.001). Subsequent 
comparisons between the control arm and animals that 

20 received tumor cells mixed with IL-2 transduced fibroblasts 
revealed a significant difference (P < 0.05). The 
differences between the animals injected with tumor cells 
alone, and those injected with tumor cells plus unmodified 
fibroblasts were not significant, while the differences 

25 between animals receiving low iL-2 expressing fibroblast, 
and those receiving high IIi-2 expressing fibroblasts was 
significant (P « 0.05). 

When mice were injected with 2 x 10^ modified 
fibroblasts mixed with 1 x 10^ live tumor cells the results 

30 became more striking (see Figures 8 and 9, and Table 12). 
All the control animals developed tumors after 4 weeks 
whereas 33% and 27% of the animals treated with fibroblasts 
modified with the DCTK-IL2 or LXSN-IL2 vectors 
( respectively ) remain tumor free after 7 weeks { the 

35 experiment is ongoing) . More dramatically/ 75% of the 
animals treated with fibroblasts modified with the high st 
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IL-2 producing vector, LNCX-II.2, remain tumor free after 7 
weeks. These data clearly demonstrat the importance of eui 
initial high dose of IL-2 to prevent tumor estedalishment . 
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As an additional control/ mice were injected with 
CT26 cells genetically modified to express IL-2 (results 
not shown) . Injection of up to 1 x 10* IL-2 expressing 
tumor cells into Balb/c mice failed to produce tiimors. 
5 Injection of higher numbers however, resulted in some 
animals developing tumors with delayed onset." These data 
confirm the results reported in the literature (1). In 
order to compare the efficacy of IL-2 producing fibroblasts 
to IL-2 producing tumor cells , we mixed 2 x 10* CT26 tximor 

10 cells modified with the DCTK-IL2 vector with 1 x 10^ 
unmodified tumor cells. Figures 10 and 11, and Table 13 
show that DCTK-IL2 modified tumor cells are somewhat 
effective in preventing tumor development. Four weeks 
after injection, the mean tumor size for the treatment arm 

15 is 303 mm^, compared to 620 mm^ for the control arm. After 
22 weeks, one animal (10%) remains tumor free, compared to 
none in the control arms. Data for animals treated under 
the same conditions with DCTK-IL2 modified fibroblasts in 
a separate experiment are included for comparison purposes. 

20 This comparison suggests that DCTK-IL2 modified tumor cells 
have an effect on tumor estetblishment similar to that of 
DCTK-IL2 modified fibroblasts. 
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EXAMPLE VII fb^ 

EFFECT OF FIBROBLAST MEDIATE CYTOKINE GENE THERAPY 
ON SYSTEMIC ANTI-TUMOR IMMUNITY 

Groups of Balb/c mice were Immunized with 
5 2.5 X 10^ irradiated tumor cells either alone or mixed with 
2 X 10^ transduced or unmodified fibroblasts, and challenged 
one week later with 5 x 10* live tumor cells in the opposite 
flank. These results (Figures 12 and 13, and Table 14) 
demonstrate that immunization with irradiated tumor cells 
10 and transduced fibroblasts protect some animals against a 
live tumor challenge, but that the protection is only 
slightly better than that achieved by immunization with 
irradiated tumor cells alone or irradiated tumor cells 
mixed with unmodified fibroblasts. 
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In a second protocol similar to the one described 
above, animals were chall nged with fresh tumor cells two 
weeks following immunization with irradiated tumor cells 
mixed with fibroblasts. The results, shown in Figures 14 
5 and 15, and in Table 15, demonstrate that DCTK-IL2 modified 
fibroblasts mixed with irradiated tumor cells confers 
superior protection to subsequent tumor challenge than 
irradiated tumor cells alone, irradiated tumor cells mixed 
with unmodified fibroblasts, or irradiated tumor cells 
10 mixed with LNCX-modif ied fibroblasts. After 7 weeks, seven 
of ten animals (70%) treated with DCTK-IIi2 modified 
fibroblasts remain tumor free compared to only one third of 
the control animals. At four weeks, the mean tiimor size of 
this group was 41 mm^, compared to 180, 170, and 140 mm^ for 
15 the three control groups. Animals treated with IiNCX-IL2 
modified fibroblasts were also protected against subsequent 
tumor challenge, but the results were less striking. In 
this group, 54% of the animals remain tumor free and the 
mean tumor size for the group at four weeks was 86 mm^. The 
20 number of tumor free animals in the group treated with 
LXSN-IL2 modified fibroblasts was similar to the control 
groups, although the tumors were slightly delayed in their 
onset . A multivariate non-parametric statistical procedure 
(19, 20), utilized to evaluate differences in tumor onset, 
25 demonstrated that the differences for the six arms 
presented in Figure 15 were significant (p = 0.012). It 
further showed that the saline control arm and the arms 
that received irradiated tumor cells alone or mixed with 
unmodified or LNCX vector modified fibroblasts formed a 
30 statistical group, A second, distinct statistical group 
was formed by the three arms that received lL-2 vector 
modified fibroblasts mixed with irradiated tumor cells. 
Subsequent comparisons between the saline injected control 
arm and animals that received tumor cells mixed with IL2 
35 transduced fibroblasts revealed a significant difference 
for all vectors (p < 0.05). 
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These results demonstrate the feasibility of 
using g netically modified fibroblasts as a means of 
delivering cytokine gene therapy. In all experiments, the 
LNCX-L2 vector proved superior in preventing tumor 
5 establishment while the DCTK-IL2 vector was better in the 
induction of systemic protection against siibseguent tumor 
challenges. These contrasting effects, although somewhat 
surprising, can be explained by the observation that the 
CMV promoter is turned off in vivo five days after 
10 implantation while the TK promoter remains active for a 
longer period of time. The implication of this finding is 
that to apply this method of gene therapy successfully we 
have to use promoters that result in high level, sustained 
expression of IIi-2 in vivo in the transduced fibroblasts. 

15 The data obtained from this research effort has 

important implications for all cytokines that have either 
direct or indirect anti-tumor effects. Furthermore, this 
data suggests that anti-tumor efficacy is IL-2 dose 
dependent. Hence, construction of vectors which result in 

20 higher levels of cytokine secretion will be a significant 
advance toward the application of this method of gene 
therapy • 

Reference numbers in parenthesis in the above 
examples correspond to the following list of references and 
25 are incorporated herein by reference. 
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Although the inv ntion has been described with 
reference to the pr sently-pref erred embodiment, it should 
be understood that various modifications can be made 
without departing from the spirit of the invention. 
5 AccordinglYr the invention is limited only by the following 
claims. 
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WE CLAIM: 



1. A method of treating cancer in a patient 
comprising the stimulation of that patient's immune 
response against the cancer by immunizing said patient at 
a site other than an active tumor site with a formulati n 
comprising tumor antigens and CE cells genetically modified 
to express at least one cytokine gene product. 

2. The method of claim 1 wherein tumor cells 
previously isolated from said patient provide the tumor 
antigens. 

3. The method of claim 1 wherein the cytokine 
gene is selected from the group consisting of interleukin- 
1, interleukin-2, interleukin-3, interleukin-4 , 
xnterleukin-5, interleukin-6 , and gamma-interferon. 

4. The method of claim 3 wherein one cytokin 
gene is interleukin-2 . 



5. The method of claim 1 wherein at least one 
cytokine gene is transferred into cells to generate CE 
cells by recombinant methods. 



6. The method of claim 5 wherein the cytokine 
gene is present in an expression vector. 

7. The method of claim 6 wherein said 
expression vector additional contains a suicide gene. 

8. The method of claim 5 wherein the CE cells 
are generated from fibroblasts and antigen-presenting 
cells. 
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9* A ine1:hod for eiihancing a pa'tient's Immune 
response to a cancer comprising r 



a) isolating fibroblasts from said 
patient; 

5 b) culturing said fibroblasts in vitro : 

c) transducing said fibroblasts with a 
retroviral expression vector containing 
the gene coding for XL-a and a gene 
coding for a tximor antigen in a 

iO retroviral expression vector, to 

express said tumor antigen and to 
express and secrete said IL-2 by said 
fibroblasts; and 

d) immunizing said patient with said 
15 fibroblasts that express IL-2 at a 

level sufficient to enhance an immune 
response but low enough to avoid 
substantial systemic toxicity and that 
express said tumor antigen, at a site 
20 other than an active tumor site. 



la. The method of claim 9 wherein said 
fibroblasts are further modified to express a suicide gene. 

11- A composition for increasing a patient's 
immune response to tumor antigens comprising tumor antigens 
and CE cells genetically modified to express at least one 
cytokine gene product. 

12. The composition of claim 11 wherein the 
cytokine gene is selected from the group consisting of 
interleukin-1, interleukin-2 , interleukin-l, interleukin-4 , 
interleukin-5, interleukin-6 , and gamma interferon. 

13. The composition of claim 12 wherein one 
cytokin gene is interleukin*-2 . 
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14. The composition of claim 11 wherein each 
cytokine gene is expressed at a level suff ici nt to 
stimulate the immune response but low enough to avoid 
substantial systemic toxicities. 

15. The method of claim 9 wherein in said 
transducing step said retroviral expression vector has a 
promoter causing sustained secretion of IL-2. 

16. The method of claim 15 wherein said 
retroviral expression vector causes the secretion of at 
least four units of iL-2 per day for a period of ten days 

or longer. 



wo 93/07906 



PCT/US92/08999 



1 / 15 




SUBSTITUTE SHEET 



wo 93/07906 PCT/US92/08999 

2/15 




□ UNMODIFIED CELLS H "-"2 TRANSDUCED CELLS 

FIG. 2 



SUBSTITUTE SHEET 



wo 93/07906 PCr/US92/08999 

3/15 



^ lOOOOi 

Q. 



ro 



8000 



O 

I 

^ 6000H 

o 
o 



4000- 



2000- 



O- 



Q PURIFIED 

IL-2 CONTROL 





O 2.5 5.0 HUMAN FIBROBLASTS 
U/ml PURIFIED (LXSN-RI-IL2) 
IL-2 



[=) UNMODIFIED 
CELLS 



IL-2 TRANSDUCED 
CELLS 



FIG. 3 



SUBSTITUTE SHEET 



wo 93/07906 



PCT/US92/08999 



A / 15 




I I I I r I i__jL 

7 10 14 17 

DAYS POST INJECTION 



FIG. 4 



SUBSTITUTE SHEET 



wo 93/07906 



5/15 



PCr/US92/08999 




12 34 5 6 7 



FIG. 5 



SUBSTITUTE SHEET 



wo 93/07906 



PCr/US92/08999 



6/15 



CVJ 



450 



400 



350 



300- 



^ CONTROL(SALINE)(n = ll) 
o UNMODIFIED FIBROBLASTS (n = 13) 
• DCTK-IL2-M0DIRED FIBROBLASTS (n=l3) 
■ LNCX-IL2-M0DIRED RBROBLASTS (n =1 
*= SIGNIFICANT (p< 0.05) 



M 

V) 

cc 250 
o 



< 

Q 
LJ 



200- 



150 



100- 



50 



' ' ' ' 



-I 1 ' ' g 




14 21 
DAYS POST INJECTION 



■ ■ ■ ' 



28 



FIG. 6 



5' ''E SHEET 



wo 93/07906 



PCT/US92/08999 



7/ 15 



bC>J 



00 /-V Q 

2 S p O 
O Z) ^ E 
< O • ■ 



1 
1 



•4KX> 



»(£> 



CD 



< 

5 1^ 




8 csi 

Q- ^ 

UJ 



J. 



A. 



O 



O 
O 



s 



SnVlAIINV 33ad-dOIAini lN30a3d 



SUBSTITUTE SHEET 



wo 93/07906 PCT/US92/08999 

8/15 



CM 

E 
J 

LlI 
N 

<o 

O 



< 
UJ 



400r 



350 



300- 



250 



200 



150 



100- 



50 



^ CONTROL (SALINE) (n = 1 3) 

O UNMODIFIED FIBROBLASTS (n=20) 

• DCTK-IL2-M0DIFIED FIBROBLASTS (n= 1 2) 
■ LNCX-IL2-M0DIFIED FIBROBLASTS (n = 8) 

♦ LXSN-IL2-M0DIFIED FIBROBLASTS (n = 15) 



-L I I I 




7 14 

DAYS POST INJECTION 



FIG. 8 



SUer-T'-rnj^ SHEET 



wo 93/07906 



PCr/US92/08999 



9/ 15 




-HO 



LU 



^ < 

§ CD 

Ul 



o 



O 

in 



in 



O 



SnVIAIlNV 33yd-dOIAini INHDiCd 



Go i : i O I zz oHEET 



wo 93/07906 



PCr/US92/08999 



10/ 15 



650r 
600- 
550- 
500- 



cv^ 450 
J 
uj 400 

M 

S 350 



< 

LlI 



300 
250 
200 
150 
100 
50 



^ CONTROL (SALINE) 

o UNMODIRED FIBROBLASTS 

• DCTK-IL2-M0DIFIED FIBROBLASTS 

A DCTK-IL2-M0DIFIED CT26 



I I I I ■ 

7 




14 21 
DAYS POST INJECTION 



28 



FIG. 10 



SUBSTITUTE SHEET 



wo 93/07906 



PCr/US92/08999 



O 
O 



3S 



n / 15 

<t 
_l 

gJ iZ o 

H Q v: >c 
2 2 P H- 

8 Z) Q 8 
< O • 4 



1 

to 



tf5 



H>9 



tiJ 



o — 



UJ 



lO 
CVI 



O 



SnVIAIINV 33dd-a0lAini lIVQDaBd 



SUBSTITUTE SHEET 



wo 93/07906 PCr/US92/08999 

12 / 15 



600r 



550 
500 
450- 
400 
^350h 

e 

WsOOh 
az 

i250h 



A CX)NTR0L (SAUNE) (n=20) 

^ IRRADIATED CT26 ONLY (n=l6) 

o IRRADIATED CT26 

+UNMODIFIED FIBROBLASTS (n= 15) 

• IRRADIATED CT26 

+ DCTK-IL2-M0DIFIED FIBROBLASTS (n = 25) 



< 

UJ 



200 
150- 
100 

50 

0 



I I I 




DAYS POSTCHANLLENGE 

FIG. 12 



SUBSTITUTE SHEET 



wo 93/07906 



PCT/US92/08999 




O 
O 



15 



S2 

o 

lO 



52 

to 



-.|0> 
^|00 



UJ 

0 



5 to 



^ Ll. 

-4K0 LU 



-HO 
-i]lO 



CM 



o 



SIVI/MINV 33dJ-d01Aini lN30a3d 



SUBSTITUTE SHEET 



wo 93/07906 



1 A/ 15 



PCT/US92/08999 



300r 



250- 



200- 



CVI 

E 

LlI 
M 
CO 
01 

o 



150 



100 



50 



^ CONTROL (SALINE) (n= 8) 

V IRRADIATED CT26 ONLY (n = 10) 

O IRRADIATED CT26 

+UNMODIFIED FIBROBLASTS (n=l6) 

• IRRADIATED CT26 
+ DCTK-IL2-M0DIFIED FIBROBLASTS (n= 10) 

■ IRRADIATED CT26 

+LNCX-IL2-M0DIRED FIBROBLASTS (n = l3) 

♦ IRRADIATED CT26 
+ LXSN-IL2-M0DIFIED FIBROBLASTS (n=l2). 



0 — ' — ' — ' — »— ^ 

0 7 




DAYS POST CHALLENGE 

FIG. 14 

SUBSTITUTE SHEET 



wo 93/07906 



PCT/US92/08999 



COCO 




^ + 

liiiiii 

▻ □ • ♦ ■ 



egg 

93: 



15/ 15 



s 

o 



1P-^H> — b— C> 



I 



± 



o 



lO 



ro 



CO 

lij 
ijj 



CVI 



82 
O 



SUBSTITUTE SHEET 



INTERNATxviNAL SEARCH REPORT 


Inu..iiirional application No. 




PCT/US92/08999 


A. CLASSIFICATION OF SUBJECT MATTER 




IPC(5) :n6ai0 See Estrm Sheet. 




US CL :Plaue See Extn Sbeet. 




According to loCmatiDaal PtXent Clastification (IPC) or to both national clastification 


and IPC 


B. FIELDS SEARCHED 


Minimum documeatatioB searched (dastification system followed by claasificttioa symbols) 


U.S. : 424/93B, 93U, 89; 435040.2. 320.1, 69.5, 69.51, 69.52; 935/65, 32, 12, 57. 70. 71 



Documentation searched other than minimum documoitation to the extent that such documenu are included in the fields searched 



Electronic data base consulted during the intennacional search (name of data base and, where practicable, search terms used) 
BIOSIS. MEDLINE^ APS 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category^ 



Citation of doctmienc, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Journal of E3q>erimental Medicitte, Vohmie 172, issued October 1990, Gansbaeher ec al, 
'Interieuldn 2 Gene Transfer into Tumor Cells Abrogates Tumorigenicity and Induces 
Piotective Immunity", pages 1217-1224, see the entire document 

Cell Volume 57, issued 05 May 1989. T^iper et al. "Murine Interieukin-4 Displays Potent 
Anti-TUmor Activ^ In Vivo", pages 503-512, see the entire document. 

CeU, Volume 60, issued 09 Febniary 1990, Fearon el al., ''InterlcukiiH2 Pioductiott by 
Tumor CeUa Bypasses T Helper Fimctioa in the Generation of an Amitumor Retponse", 
pages 397*403, see the entire document 

Cancer Research, Volume 50, issued 15 August 1990. Ogura et al., "Implantation of 
Genetically Manipulated FibroblasU into Mice as Antitumor oe-InterfBron Therapy', pages 
5102-5106, see the 



^8, 11 

9, 10. 15. 16 



4. 13 

2. 6, 7. 14-16 



1-16 



Fucther documents are listed in the continuation of Box C. | | See patent fiunily annex. 



SpccitI 



A* 
E" 

O* 
P" 



i 1 I I r i mr 1 dcfiaiiif tho gmonA tnao of ttie mn which k pot ooaritod 
to be p«ft ef pttticiikr feleviBee 




hier rtnnwiriK piihlwhwl after tfw hanmiriniwl filipf die or priority 
diie«d«otiacottltowilhiho« p|> li r i >w» but cited IP widgf mn dtbe 
priactple or ttooiy yadcftyiof tta iavauto 

doconcBS of fiitimkr rel wfMic c; Ibo rhimwt fanrcntioe eanaot be 
coHidcnd Bowel or ooaoi bo eoaildcred lo isvolve la iovcBrive itep 



Apufabiihfid prior to ibo 



fabV dace but hlcr ifaMi 




Date of the actual completion of the international search 
11 January 1993 


Date of mailing of thr. jntenational search mhxi 

^6 JAW 


Name and mailing address f the ISA/ 
Commissiooer of Psteato and Trsdemarics 

Box per 

Waihington, D.C. 20231 
Facsinule No. NOT APPLICABLE 


Authorized officer j/m// / 

JACQUELINE STONE ^^^f Mi>V^V / 
Telephone No. r703) 308^196 ^ / 



Form PCT/ISA/210 (second sheet)(July 1992>* 



INTERNATIwWAL SEARCH REPORT 



Inu.. utioiul spplintion No. 
PCrAJS«A»999 



C (ContmutttaK DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Gitatkm of doeutneat, with indication, where ftppiopziite, f the relevant paasagef 


Relevant to claim No. 


K 

Y 


Causer Rneaxch. Volume 50. iwued 15 December 1990. Gansbacber et al., "R^virml 
VectOMuediated IhtBrfenm Gene Transfer into Tlunor CeUa Generates Potent and Long 
l^^gtfng Amioimor Inuniuuty" , pages 7820-7825, see the entire doeument. 


1.3.5. 6. 8.11.12.14 
2.7 



Form PCT/ISA/210 (confinmrkm f second sheet)(July 1992>* 



jniernAixonal search report 


Intel ottioiul applkation No. 
PCT/US92/0S999 


A. CLASSIFICATION OP SUBJECT MATTER: 
IPC (5): 




A61K 48/00, 35/12» 39/00; C12N 15/19, lS/24, 15/25, 15/26, 15/90. 15/63 




A. CLASSIFICATION OP SUBJECT MATTER: 
USCL : 





424/93B. 93U. 89; 435/240.2, 320.1. 69.5, 69.51, 69.52; 935/65. 32. 12. 57. 70, 71 



Form PCT/ISA/210 (extim shect)(July 1992)* 



